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No. 1. — CofUribuHans from the Pdrographical Lahorat(n% of the 
Harvard University Museum^ in Charge of J.K Wolff. : • 

I. 

On the Petrographical Charaders of a Dike of Diabase in the Boston 

Basin. By William H. Hobbs. 

In the region north of Boston dccurs a most interesting series of maa- 
siVe rocks, which hreak through the slates and sandstones, and include 
granite, quartas-porphyry, quartzless-porphyry, elseolite-syenite, diorite, 
porphyrite, diabase, augite-porphyrite, and gabbro. They have been 
studied in greater or less detail by many observers, prominent among 
whom are W. 0. Crosby, M. E. Wadsworth, and J. S. Diller. 

The rocks which have afforded material for the present study belong 
to a single dike, and may be seen in a series of exposures in Medford 
and Somerville. They are coarsely crystalline rocks, and have borne 
the names " syenite " and " diorite." They have in general been care- 
fully distinguished from similar rocks of finer texture known as " green- 
stones," which were shown by Wadsworth in 1877 to have about the 
same composition as the coarser rock, and were considered by him as 
identical with it. The finely crystalline rock seems to be more widely 
distributed than the coarse variety. In the present paper it has been 
studied only at a few localities,' where there was some promise of de- 
ciphering its relations with the ''diorite." 

The age of these rocks has not been accurately determined, though they 
have generally been considered post-triassic on account of their lithologi- 
cal - resemblance to the diabase of the Connecticut Valley. The slates 
through which they have broken are probably identical with the Lower 
Cambrian argiUite of Braintree. Diller has furnished evidence to show 
that the finely crystalline diabase (''greenstone") is the youngest of the 
eruptives of this region, its dikes cutting those of the other rocks.^ 

Many mistakes have been made in determining the composition of 
both the so-called " diorite " and " greenstone." The " diorite " was long 

1 BuIL Mob. Comp. Zool. at Harvard College, VII. 179. — 
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ago described fyqn the Granite Street locality in Somerville by J. F. 
and S. L. p^XHi^* and by J. W. Webster,^ as made up essentially of the 
minerals •'fedddpar and hornblende. This was supported by Professor 
Hitchcock, m his Survey of Massachusetts.' The mistake, which con- 
sistent ip"taking augite to be hornblende, was further repeated by W. W. 
-Pflfdge* and W. 0. Crosby.* Professor Wadsworth* was the first to 
' apply the microscope to the study of this region, and was enabled to 
^., *•/•* determine correctly the general composition of the rocks. His study 
-/".*' included all the eruptives exposed in Somerville, and part of those out- 
cropping in Medford, Maiden, Brighton, and Brookline. He pointed out 
the connection of the outcrops, and indicated their general trend. Ho 
showed that the feldspar is plagioclase, and that the prevailing non- 
feldspathic constituent is augite. On the basis of an observed identity 
in mineral composition he concluded that the fine-grained ** greenstone " 
is identical with the coarser " diorite." Professor Crosby, in his " Con- 
tributions to the Geology of Eastern Massachusetts,"^ has quite accu- 
rately outlined on his map the area in which these rocks are exposed. 

The present article, being restricted mainly to the coarsely crystalline 
diabase, repeats to some extent the work of Professor Wadsworth. 
While the results are in the main confirmatory, there are still important 
points of difference, and some new facts have been determined. 

Leaving out of consideration the vicinity of the Old Powder House 
in Somerville, the field study has yielded but little. The attempt has 
been mainly to add something to our knowledge of the petrographical 
characters of the so-called '* Mesozoic diabase of the Atlantic border." 
Those who desire a full literature of the subject treated in this paper 
should refer to the above-cited work of Professor Wadsworth. 

Field Notes. 

The dike of diabase which is here considered extends from Granite 
Street in Somerville to Spot Pond in Stoneham, and probably beyond, 
although no examination in the field was carried beyond that point. 

1 Memoirs Amer. Acad., Ist series, IV. 168 (1818). 

'^ Boston Jour. Phil, and Arts, H. 282 (1824). 

> Final Kep. Geol. of Massachusetts, 640-663 (1841). 

* Proc. Boston Soc. Nat. Hist., XVII. 416 (1876). 

. * Occasional Papers of Boston Soc. Nat. Hist., Vol. HI. 

• Notes on the Petrography of Boston and Vicinity, by M. E. Wadsworth. Proc. 
Boston Soc Nat. Hist, XIX. 217 (1877). 

7 Occasional Papers of Boston Soc. Nat. Hist., Vol. III. 
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No outcrops of the coaise rock have been found south of the Granite 
Street quarry. Professor Crosby has included the fine-grained diabase 
which crops out at the Pumping Station in Brighton, and similar rocks 
in Brookline and Newton, as a part of this dike ; but the great change 
of strike required, and the long intervening distance without exposures, 
are opposed to the supposition. From the Granite Street quarries to 
the Old Powder House in Somerville, (a distance of about one and a half 
miles,) the strike of the exposures is N. 25° W. From that point to 
Spot Pond, the trend is N. 10^ K In Medford and Somerville the 
country rock is argillite, which has been thrown into gentle folds, the 
dips of which seldom exceed 35°. A notable exception to this state- 
ment is seen at the old slate quarry on Professor's Row, College Hill, 
where beds strike ± N. 95° E. and dip ± 72° to the south. The area 
of coarse diabase, which has an average width of about two thousand feet, 
is never found in contact with the slate. The exposures of diabase al- 
most invariably show the well-known weathering to boulders in ntUy 
though this is best observed at Pine Hill. North of High Street in 
Medford the areal geology is complicated by the occurrence of granite 
and felsite, for the mapping of which very detailed field-work will be 
necessary. 

The arrangement of exposures of coarse and fine grained diabase in 
the vicinity of the Old Powder House seems to show a gradual passing 
of one rock into the other. In the immediate vicinity of the Powder 
House is an extensive outcrop of coarse rock, like that at the Granite 
Street quarries and Pine Hill. About four hundred feet northeast of the 
Powder House on Harvard Street the texture is much finer, though not 
sufficiently fine to be ranked with the normal '' greenstone." About six 
hundred feet S. 20° W. of the Powder House the rock is somewhat finer 
than at the last-mentioned locality. Again, at the comer of Elm and 
Morrison Streets, which is about one thousand feet west-southwest of the 
Powder House, the normal " greenstone " occurs in slate. Moreover, on 
Willow Avenue, about fifteen hundred feet along the strike to the south 
from the Harvard Street locality, the rock is practically identical with that 
at the latter place. From this it seems probable that the coarsely crystal- 
line rock at the Powder House is near the middle of the dike, where the 
cooling was slow, and that the gradual diminution in the size of the 
grains in going from that point is owing to more rapid cooling near 
the contact. 

The wide distribution of the '' greenstone " has made it impracticable 
for me to make a complete examination of it, but the few localities which 
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have here been stadied agree so well with each other, and with Professor 
Wadsworth's notes on the other localities wheie the same rock is ex- 
posed, that a complete study of it seems unnecessary to prove its identity 
with the " diorite.'* 

Petrographioal Notes. 

Having shown by field observations that the so-called ^'diorite'' is 
equivalent to the so-called ''greenstone/' the rocks will be distinguished 
according to their mineral compositiou, without regard to coarseness of 
texture. Micioscopic examination shows the rock to be either a diabase 
or diorite. The diabase is the principal rock, being found at the quar- 
ries on Granite Street (Nos. 207, 209, 209 a, 214), and at the very ex- 
tensive quarries on Pine Hill (No. 222). The exposure on Harvard 
Street in Somerville is also of this rock (No. 210). The diorite forms 
a £Bu;ie8 of the diabase, and includes all the outcrops in the vicinity of 
the Old Powder House (Nos. 208, 216, 218) except No. 210, already 
mentioned as belonging to the diabase, and the hill north of High 
Street and east of Highland Avenue (No. 203). Aside from the 
amphiboloid mineral, the two rocks appear to be almost identical. 

Jhahcue, — This rock is quite uniform in character, and occupies a large 
part of the area of the dike. A macroscopic examination shows that it 
is composed mainly of a plagioclase feldspar, and an amphiboloid min- 
eral with more or less biotite and pyrite. The proportions of these 
minerals vary considerably, causing the specific gravity to range from 
2.98 to 2.65. In weathering, the amphiboloid mineral is first de- 
composed, causing a complete disintegration of the rock to a coarse 
feldspathic sand. The rock does not show the slightest evidence of lam- 
ination, and the feldspars, which have been little interfered with in 
crystallizing, illustrate well the divergent BtrahUg-homig arrangement of 
Lossen, the remaining space being largely occupied by hypidiomorphous 
crystals of augite. The feldspar grains are more or less lath-shaped ; of 
a white, pink, or green color ; generally striated ; and have an average 
length of about 8 mm. The specific gravity of cleavage pieces from 
No. 222 was found to be 2.638 and 2.643 by determinations with the 
Thoulet solution, though these results are probably much affected by an 
incipient alteration. In a single specimen (No. 214), the cleavage of 
the amphiboloid mineral is so well developed that the mineral can be 
identified as augite in the hand specimen. 

Under the microscope, feldspar and augite are found to be always 
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present. The feldspar is shown by twinning striations to be plagioclase, 
which exhibits when fresh beautiful zonal phenomena. In a number of 
sections the method of Professor Pumpelly ^ or M. Michel L6vy ^ was 
applied for the determination of this feldspar. As is well known, this 
method consists simply in a determination of the maximum extinction 
angle in the zone of the macro-pinacoid and base, sections which are in 
this zone being characterized by symmetrical positions of extinction in 
the two sets of twins, with reference to the twinning plane. Results 
were obtained as high as 27^, requiring the presence of a feldspar as 
basic as labradorite. In the classical work of Pumpelly above cited, 
crystals of feldspar from the Granite Street locality were determined by 
this method, combined with a modification of Des Cloiseaux's method 
for determining the size of the basal extinction angle. The highest re- 
sult obtained by the first method was 16°, and by the second 3° to 4^, 
though, owing to the sections being inclined to the base, the latter re- 
sults were more or less unreliable. He concluded that the feldspar was 
probably albite or oligoclase. 

Mechanical separations of the constituent minerals have been made in 
s number of cases by the Thoulet solution. In every case feldspar was 
removed with each separation between the specific gravity limits 2.76 
and 2.6, and often a considerable portion came below the inferior limit 
The grains were found to be seldom pure, and the wide range in specific 
gravity is doubtless, in part, to be referred to decomposition products. 
The portion separated below the limit 2.6 was in several cases subjected 
to microchemical tests by both Boricky's ' and Behrens's^ methods, after 
careful washing to remove all iodide of potassium. Potassium as well 
as calcium being always detected in this powder, that derived from No. 
222 was subjected to quantitative chemical determination, which yielded 
4.16^ of oxide of potassium. The products of alteration of the feldspar 
are calcite, and a mineral which is probably kaolin. Considerable 
green chlorite-like material is often contained in the feldspar grains ; but 
it has apparently been derived from the biotite or augite by alteration, 
and has found the way to its present position in the feldspar through 
the cleavage cracks. This substance is the viridite of Professor Wads- 
worth, which he considered an incipient alteration of the feldspar. 

^ Metasomatic Development of the Copper-bearing Rocks of Lake Superior. 
Proc. Am. Acad., XIII. 253. 

' Min^ralogie Micrographique, p. 227. 

s Archiv der Katurw. Landesdnrchforechung yon Bohmen, III Band, 6 Abth., 
Prag, 1877. 

^ Mikrochemische Methoden znr Mineral Analyse, Amsterdam, 1881. 
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From what has now been said, it seems certain that a feldspar as basic 
as labradorite exists in the rock. This is attested both by the high ex- 
tinction angles in the zone of oP and oo Poo , as well as by the presence 
of calcite as a significant product of alteration. That a feldspar less 
basic than oligoclase, and probably as acid, is present also, is shown by 
the zonal structure and wide range in specific gravity. The potassium 
obtained from No* 222 may be derived either from alteration products 
(muscovitel) or from the feldspar itselfl The analysis of this rock 
in totOf which may be found in the sequel, shows by the small amount 
of hydration that little alteration has taken place. It therefore seems to 
be certain that the potassium is derived from the fdidspar itself, either 
firom orthoclase or from a potash plagioclase. 

The principal non-feldspathic constituent is sugite, which is much 
broken up by feldspar crystals, though rarely the feldspar is penetrated 
by augite, showing the nearly contemporaneous formation of the two 
minerals. The augite, which has generally a rose color, displays a faint 
dichroism, the ray parallel to b being pink, and that parallel to a pink- 
ish yellow. Both prismatic cleavages are generally well developed, and 
intersect on the basal plane with the pyroxene angle 87°. Parting par- 
allel to 00 Pod and occasional twins according to the same plane, though 
not constant features, are observed in the rock from some localities. 
Zonal structure is not uncommon, and rarely the hour-glass structure is 
well developed. The principal alteration is to uralite, which is found in 
rims completely surrounding many grains, while with others it has gone 
&rther, and found its way to the centre along the cleavage cracks. This 
mineral occurs in its usual form in scales or sheaves, and is easily dis- 
tinguished by its high double refraction, small extinction angle, and 
strong pleochroism, the ray vibrating parallel to the long axis being 
dark green, while that vibrating perpendicular to this direction is either 
green or bright yellow. It is probable that the uralite further changes 
to chlorite ; but since biotite was generally to be found in the vicinity 
passing into chlorite, it could not be definitely determined. The distri- 
bution of the calcite shows that it is derived from the pseudomorphism 
of the augite, as well as from the decompositon of the feldspar. 

Compact green and brown (basaltic) hornblende, though noticed once 
or twice, are extremely rare. 

The biotite when present is generally either in plates, from its pene- 
tration of feldspar and augite, clearly original, or in fine scales or aggregate 
masses in association with augite. The former variety contains inclu- 
sions too small to be determined, with the characteristic pleochroic zones 
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about them. Both varieties have suffered alteration to the ordinary 
product^ chlorite. 

Professor Wadsworth considered the biotite secondary to the augite, 
chlorite being an intermediate stage in the process of alteration. It 
seems, however, much more probable that this form of the biotite, if 
indeed secondary, is derived directly from the augite, and that the fur^ 
ther alteration of biotite to chlorite sufficiently explains the occurrence 
of the latter between biotite and augite. The occurrence of biotite as a 
pseudomorph after augite has been described by Blum,^ EichthofeD,^ 
Tschermak,* Bohrbach,^ and Brauns.* On chemical grounds, without 
assuming a high degree of metamorphism, the change from chlorite to 
biotite is difficult to conceive. In some sections, particularly No. 207, a 
large part of the chlorite can be referred to the diabantite of Hawes." 
In many slides chlorite occurs in clearly defined hexagonal sections sur- 
rounded by one, or more frequently four or five, concentric rims of mag- 
netite. In other cases biotite can be seen in these basal sections in the 
act of changing to chlcnite, the centre of the crystal being biotite, about 
which is a wide or narrow rim of chlorite. Figure 1 is taken from sec- 
tions No. 202 and No. 203, and shows the different stages in this process 
of pseudomorphism. 

Apatite is found as a constant constituent, in unusually large clear 
crystals, cutting all other minerals. A very small amount of quartz is 
present^ which, in some cases at least, is of secondary origin. Pyrite, mag- 
netite, and ilmenite are present in varying amounts. Magnetite is either 
in hexagonal sections or more or less irregular masses. These masses are 
often elongated parallel to blades of chlorite, and are then evidence of 
secondary origin. A case of this kind is shown in Figure 2. Ilme- 
nite appears in sections, generally hexagonal, like the magnetite, but is 
easily distinguished by its change to leucoxene or titanite. In a section 
from the Granite Street quarries (No. 207) this change has been com- 
plete and the only vestiges of ilmenite are the masses of white, more or 
less opaque, highly refracting leucoxene. In other specimens (Nos. 202, 
208, 209 a) the decomposition has been less complete, but has taken place 
in bands, which have three directions parallel to the sides of the rhom- 

' PsendoiDorphosen, I Nachtrag, p. 30 ; III Nachtrag, p. 93. 

* Wien Akad., XXVII. 836. Blani, Paeudomorphoten, IIL 96. 

* Porpliyi^resteine Oesterreichs, Wien, 1869. 

* Min. u. petr. Mitth., VII. 27. 

* Nenes Jahrbuch, V Beilage Bd., 276. 

* Mineralogy and Lithologj of New Hampshire, p. 120. 
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bohedral sectiona. (See Figure 2.) This structure has been described 
by many observers and figured by De la Vallee Poussin and Benard,^ 
and by Teall.' The structure has been explained by Teall as due to 
intorgrowths of magnetite and ilmenite, according to the fundamental 
rhombohedron. Since the GleitJUkhe of ilmenite is R, which is also the 
normal-solution plane,* these may be due to decomposition along the 
normal-solution plane. From No. 222 the heavy portion separated in 
the Thoulet solution was subjected to treatment with the electro-magnet 
Material was thus obtained so magnetic that, when removed from the 
poles, the grains clung to each other like magnetized iron filings. Treated 
with concentrated hydrochloric acid, this material was strongly attacked, 
but did not entirely dissolve even by continued digestion. 

Professor Wadsworth has described the occurrence of prehnite as a com- 
mon product of the alteration of the feldspar and augite. This mineral 
occurs in veins at the Granite Street quarries, and to determine its char- 
acters a section was made from the mineral obtained from one of these 
veins. The columnar crystals by macroscopic examination seem to have 
their vertical axes, in general, perpendicular to the walls of the fissure. 
In the slide, sections parallel to the long axis (c) always showed a sheaf- 
like grouping of individuals having perfect cleavage, both parallel and per- 
pendicular to the vertical axis. These sections afforded no interference 
figure. Another series of sections (basal) had nearly equal dimensions, 
with two equally perfect cleavages (oo P) cutting each other at about 
100°. These sections gave also, in converging polarized light, a very per- 
fect biaxial interference figure, with high positive double refraction and 
orthorhombic dispersion. The optic angle when measured in air was 
found to be 83^ 30', which is much smaller than the results obtained by 
Des Cloiseaux with prehnite from other localities. The plane of the optic 
axes bisects the obtuse angle between the cleavages. The prismatic cleav- 
age is very perfect, hardly less so than the basaL No evidence of twinning 
like that noticed by Des Cloiseaux ^ in some specimens, or that found by 
Professor Emerson* in the prehnite of the Deerfield dike, was observed. 

The only section of rock from the region under consideration in which 

1 Mc^moires eur les Carnct^res min^ralogiques et stratigraphiques dea Roches 
dites Plutoniennes de la Belgique et de TArdenne fran9ai8e. M^m. Couronnes 
de I'Acad. Roy. de Belgique, XL. 60, 74. 

2 Quart Joum. Geol. Society, XL. 640. 

* Cf. Judd, On the Relations between the Solution Planes of Crystals and 
those of Secondary Twinning. Min. Mag., December, 1886. 

* Manuel de Min^rnlogie, p. 480. 

* Am. Journ. Sci., (1882,) XXIV. 270. 
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Imiie was disoenied is No. 315 (Bdl Eock, Maldea) where it was 
id filling a minute fissure vein. The chalcodite which Professor 
dsworth has described was not noticed in anj of the slides, and it 
DB certain that the important part which he assigned it, of completely 
lug the place of both feldspar and augite, is wrong. 
L typical and unusually fresh specimen of the diabase (No. 222, Pine 
I, Medford) has been subjected to a quantitative chemical analysis by 
C. Sweetser, B. S., Assistant in Chemistry at the Worcester Poly- 
inic Institute, to whom I would here express my great obligation. 
Nigh fuUy engaged with other duties, he kindly ofiered to do the work 
obtained the results given below in column L Column II. contains 
results of an analysis of a diabase from the Lenneschiefer at Bochteu- 
k, by Schenck, which shows considerable more decomposition, but is 
srwise nearly identicaL^ Column III. is an analysis of diabase by 
U from Cauldron Snout, Durham, in the Whin SilL' 

I. n. m. 

SiO, 4a75 48.42 61.22 

A1,0, 17.97 17.59 14.06 

Fe,0, 0.41 1.05 4.32 

FeO 13.62 8.36 8.73 

CaO 8.82 7.73 a33 

HgO 3.39 4.30 4.42 

MnO 0.91 0.16 

K,0 2.40 3.07 1.25 

NsjO 1.63 6.15 2.65 

H3O 0.60 2.24 1.28 

TiO, 0.99 2.23 2.42 

P,Ob 0.68 0.28 0.25 

COa tr. 0.08 0.19 

FeS, tr. 0.15 0.49 

100.17 100.65 99.67 

Sp. Gr. 2.985 2.919 

chenck considered orthoclase as probably present in II. The analysis 
rell as the extinction angle shows the feldspar to be more acid than 
of I. Augite is changed to viridite, and ilmenite occurs and alters to 
oxene along the Gleitfldchen. The rocks I. and II. are thus shown to 
'ery similar. The mineral composition as well as the chemical com- 
tion of III. is also nearly identical with that of I. 

Adolf Schenck. Die Diabaae des oberen Rahrthals und ihre Contacterschein- 
tn mit dem Lenneschiefer. Diss., Bonn, 1884, p. 20. 
Teall. Quart Joum. GeoL See., XL. 640. 
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Augite Z)ton^«.»-Tliis rock, though quite similar to the diabase, differs 
from it in a loss of the ophitic structure, and in the appearance of brown 
(basaltic) hornblende as the principal nou-feldspathic constituent. In 
some sections augite does not appear, owing to complete uralitization. 
At other localities it comes into prominence, and there the rock may be 
known either as a diorite or a diabase. 

The hornblende is for the most part the massive brown variety, which 
is well characterized by its color, perfect cleavage, large optical angle, and 
strong pleochroism. The absorption may be written c = b»a. The 
sections have in general distinct outlines parallel to the fundamental 
prism and the clino-pinacoid. A common feature of the hornblende crys- 
tals is the occurrence within them of cores of augite, which seem to show 
either that the hornblende is derived from the augite by pseudomorphism, 
or that the two minerals crystallized originally in their present relations. 
Such pseudomorphism was first noticed by Streng ^ in 1877, and subse- 
quently by Hawes,* Irving,' Van Hise,* Sjogren,* and Von Lasaulx.* 
Remarkable instances of this change have been described by Professor 
Williams,^ from the Cortlandt Series on the Hudson River, and by 
Schenck,' from the diabase of the Upper Ruhrthal in Westphalia. The 
former has shown the gradual passing of the augite into brown horn- 
blende. The latter has described a further change of the brown to green 
hornblende, while Von Lasaulx found in the diabase of KUrenz that 
the change of the augite was first to uralite, then to brown hornblende. 
In the diorite which we are considering, the contact of augite and horn- 
blende is a sharp line. No evidence of a gradation from one mineral to 
the other was anywhere observable. The hornblende is in general very 
fresh, while the augite alters readily to chlorite, so that in many cases only 
a few scattered fragments of augite can be seen (Figure 2). It seems prob- 
able, therefore, that these combinations are the result of parallel growth. 
Teall* has figured such growths in the Whin Sill, and Rohrbach" 

1 A Streng. Neuet Jahrbuch fUr Mineralogie, etc., 1877, p. 138. 
3 G. W. Hawet. Mineralogy and Lithology of New Hampshire, pp. 67, 206, 
Plate VII. Fig. 1. 

« R. D. Irving. Geology of Wisconsin, HI. 170. 

* C. R. Van Rise. Am. Joum. Sci. [3], XXVL 29. 

» H. Sjogren. Neues Jahrbuch far Mineralogie, etc., 1884, 1. 82 (Ref). 

• A. V. Lasaulx. Verh. d. Naturh. Vereins d. pr. Rheinl. u. Westf., 1878, p. 171. 

7 G. H. Williams. Am. Joum. Sci. [3], XXVIII. 269. 

8 A. Schenck. Die Diabase des oberen Ruhrthals, etc. Diss., Bonn, 1884. 
» Quart. Journ. Geol. Soc, XL. 668, Plate XXIX. Fig. a 

^^ Min. u. petr. Mitth., VIL 1, PUte I. Figs. 1-7, 1886. 
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in the Cretaceous formation of Silicia. The figoies of the latter show a 
sharp line of contact between the two minerals. He was also able to 
show thaty in the majority of cases at least, the minerals were in parallel 
position. Chemical analysis showed an essential difference in the com- 
position of the augite and hornblende. It was also observed that decern* 
position had seldom progressed to the same point in both minerals when 
together, though neither seemed to offer in all cases more resistance to 
decomposition than the other. 

A remarkable instance of mechanical deformation is exhibited in sec- 
tion No. 202. A large crystal of brown hornblende has been bent until 
it has the shape of a letter S. The optical properties are anomalous, as 
would be expected, and a crystal of apatite has been bent about the horn* 
blende crystal, which has been attended with crushing, and optical dis- 
turbances, so that the apatite crystal is extinguished in a mosaic This 
must be referred, however, to motions which existed in the partially 
consolidated magma, as we would expect to find anomalies in the optical 
behavior of the plagioclase grains if it were due to the action of oro- 
graphic forces. 

Section No. 208 (comer Elm and Morrison Streets) is porphyritic, the 
base being di£Glcult to resolve. The porphyritic crystals are feldspar aud 
parallel growths of augite and hornblende. 

The chlorite of No. 202 is often filled with belonites of a green color, 
arranged in three parallel directions, cutting each other very precisely at 
angles of 60^. 

Smmnary and Conclasions. 

What has been noted in the preceding pages may be summed up in 
the following statements. 

The dike under consideration includes, not only the exposures of so- 
called " diorite," but outcrops, in the vicinity of the Old Powder House 
in Somerville, of rock intermediate in texture between the normal 
*• diorite ** and normal ** greenstone," as well as the " greenstone " itself. 
The coarseness of texture is in general dependent only on the position of 
the specimen in the dike, the fine-grained rock being naturally found 
near the contact. The general composition of the rock is that of a 
diabase, though facies of augite-diorite occur. 

The diabase has in general a more or less ophitic structure, and is 
characterized by the original constituents, plagioclase, augite, biotite, apa- 
tite, ilmenite, and magnetite; apatite and the ore minerals comprising 
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the first generation, while feldspar, angite, and biotite crystallized nearly 
contempotaneoualy and form the second generation. The secondary 
minerals are uralite^ chlorite, biotite (in parti), leucozene, kaolin (1), 
magnetite (in part), calcite, pyrite, and quartz. The plagioclase is 
somewhat vaiiable in composition, owing to zonal structure, but has 
probably an average composition corresponding to andesine. It is also 
probable that orthodase is present, though the potash obtamed in the 
analyses may be derived from a plagioclase containing a considerable 
per cent of potassium. The augite-diorite differs from the diabase in 
that the ophitic structure is wanting, and that the brown hornblende, 
which now comes into greater prominence than the augite, is generally 
in idiomorphous crystals. The diorite is characterized by very perfect 
instances of the parallel intergrowth of augite and hornblende. 

In both the diabase and diorite the change of the augite has been 
uralitization, though in the diorite it has in many cases changed directly 
to chlorite. 

In conclusion, I have to acknowledge obligation to my instructors, 
Mr. J. E. Wolff, of Harvard University, and Dr. George Huntington 
Williams, of the Johns Hopkins University. The greater part of the 
microscopical examination in connection with this paper was made in the 
laboratory of Mr. Wolf^ and I am indebted to him for much advice and 
suggestion. Dr. Williams has examined most of the slides, and assisted 
me in countless ways in the preparation of this paper. I am also much 
indebted to Mr. R C. Sweetser, of the Worcester Polytechnic Institute, 
for a complete chemical analysis. 

NOVEMBBB, 1887. 



EXPLANATION OF PLATE 

Fig. 1. Illustration of the change of hexagonal plates of biotite to chlorite, with 
separation of magnetite in concentric rims. From sections Na 202 
and 203. 

Fig. 2. Illustration of the intergrowth of augite and brown hornblende, and 
alteration of the former to chlorite. The alteration of ilmenite to leu- 
coxene along the Gleitflachen is also shown. From sections No. 202 
and 206. 



Xo. 2. — On the Geology of the Cambrian District of Bristol County, 

Massachusetts. By N. S. Shaler 

[Published by Penniftsion of the Director of the U. S. Geological Surrey.] 

Preliminary Note. 

Fob a number of years I have been engaged in an incidental manner 
in studying the geological structure of the great synclinal district to 
which I have given the name of "the Narragansett Basin." This 
geological field, extending from the southern part of Narragansett Bay 
in Rhode Island to the region of the granitic hills which includes the 
Blue and Sharon Hills of Massachusetts, and eastwardly to the region 
occupied by the town of Hanover in Massachusetts, is mainly under- 
laid, as is well known, by rocks of Carboniferous age. My principal aim 
has been to determine the geological history of this Carboniferous sec- 
tion. Incidentally, it has been necessary to make some study of the 
deposits which lie below the level of the Millstone Grit. In these latter 
inquiries I found it necessary to do a good deal of work on the exten- 
sive series of more or less metamorphosed ancient rocks which lie be- 
tween the western border of Rhode Island and the western edge of the 
Coal Measures, from Greenwich, R. I., to Wrentham, Mass. This 
inquiry, although incomplete, has developed certain facts of consider- 
able interest, which it appears to mo should be made public before the 
preparation of my final report on the Narragansett Basin, which can- 
not be finished for some time to come. The most interesting of the 
many results which I have obtained in this Pre-Carboniferous series 
of rocks consists in the discovery of an extensive series of Cambrian 
deposits, containing a tolerably abundant and fairly determinable set of 
fossils. The discovery of these beds not only enables us to fix the age 
of an extended section of rocks, but to ascertain a number of facts 
which have a great importance with reference to the general history of 
this portion of the continent. 

Several geologists have observed the fact that between Providence, 
R. I., and Wrentham, in Massachusetts, we have an extensive develop- 
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ment of interbedded conglomerates, shaly slates, and sandstones, the 
whole separated from the other detrital deposits of this region by 
peculiarities of color. While the Coal Measure conglomerates have 
generally a grayish or blackish hue, these more western deposits of 
puddingstone are generally of a red color, while the intercalated shales 
vary in hue from a brilliant red to an olive-green. Various conjec- 
tures have been made as to the age of these deposit-s. They have 
been thought by one observer to resemble the Trias, while others, 
owing partly to their position, have assigned them to the Devonian age. 
Until I began my studies upon this district, the strata had aflbrded no 
fossils, and the determinations above noted were purely conjectural. 

As it appears to me that there is a lesson of some value afforded by 
the conditions of my inquiry, I venture to set forth the methods under 
which it was pursued. After carefully traversing all the roads in this 
district, with the hope of obtaining geological data on those lines, I 
became convinced that results of value could not be yielded by track- 
ing these paths, for the reason that here as elsewhere in an accidented 
country the public ways avoid the outcrops. Inspecting a portion of 
the field, I found that almost all the available exposures were covered 
by brushwood, and thus hidden from a hasty glance. I therefore re- 
solved to trace the coimtry on foot in such a manner that I should 
obtain sight of every exposure. A preliminary inquiry showed that, 
even where the rocks were covered by drift, a careful consideration of 
the fragmentary matter in the glacial deposits would give very clear 
evidence as to the nature of the deposits below the covering. Pursu- 
ing this latter inquiry in a methodical way, I found that at any point 
whatsoever the boulder clay as distinguished from the kame deposits 
was to the extent of at least three fourths its mass composed of mate- 
rial which had not been carried for a greater distance than half a mile. 
Pursuing my further inquiries in this close manner, I found in a very 
short time that these apparently barren deposits of shales and con- 
glomerates afforded at certain points a good number of fossils. Within 
an area of a single square mile, three important localities have already 
been discovered from which, as will be seen in the sequel, we have ob- 
tained over a score of recognizable fossils. It is likely that further 
research on these beds will increase the list of organic remains to thirty 
species or more. 

My studies on the Narragansett field were begun in 1865. The first 
of the fossil localities was not found until 1883. The pressure of other 
work and the lack of good topographic maps made it impossible to work 
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up this field at an earlier date. In 1884, my service as Geologist in the 
United States Geological Survey enabled me to command more time for 
these explorations, and the rapid advance of the topographic work in 
this area done by that Survey in co-operation with the State of Massa- 
chusetts has afforded a sufficient topographic basis for the inquiry. 

I am indebted to my assistant, Mr. August F. Foerste, for a certain 
amount of aid in the preparation of this report. He has worked out a 
part of the boundaries which are delineated in the accompanying map, 
and has collaborated with me in the preparation of the descriptions 
contained in the second part of this report. 

Gteneral Structure of the Field. 

The area indicated in the first of the accompanying sketch maps 
evidently contains two distinct series of stratified rocks, besides the 
numerous and peculiar injected materials, which are not to be discussed 
here. * On the east we have the Coal Measures of the Narragansett 
basin. The western boundary of this series cannot be exactly traced, 
for the reason that it is altogether hidden by drift deposits mostly 
belonging to the class of kame and terrace accumulations, and therefore 
unfit to afford the basis of any determinations as to the subjacent beds. 
West of this border, the position of which cannot be at any point fixed 
within the limits of some hundreds of feet, we have the area of Cam- 
brian deposits. This strip has an average width of not far from two 
miles. Although its contact with the Carboniferous deposits is not 
seen, it is likely that it belongs to the class of erosion overlies, that 
is to say, the Carboniferous rests upon the worn surface of the steeply 
inclined Cambrian beds. Evidence in favor of this supposition is also 
afforded by the conglomerates of the Coal Measures, which contain 
more or less detrital material brought from the Cambrian series, which 
was evidently exposed to erosion at the time when the lower portion 
of the Coal Measure deposits were formed. Moreover, as my exten- 
sive studies on this district have adequately shown, few faults occur 
in the field. The habit of accident is that of folding rather than 
Suiting. 

On the west of the Cambrian lies another field of rocks, which I am 
compelled at present to consider as of Pre-Cambrian age. The deposits 
in this section consist in the main of gneissoid rocks of varying compo- 
sition and a great area of dark greenish chloritic deposits which appear 
in part at least to be qietamorphosed conglomerates and shales. In the 
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region west of Pawtucket and Valley Falls on the south side of Black- 
stone River these rocks contain a number of areas of crystalline lime- 
stone. As yet it has proved impossible to determine the sections in 
this district with any satisfactory degree of definition. At MannviUe 
on the eastern or right bank of the river, about two hundred feet in 
thickness of these supposably Pre-Cambrian rocks appear as rather 
distinct beds of what seems originally to have been clay slate, now 
changed to a gueissoid material In these gneissoid rocks near Cum- 
berland Hill there are extremely interesting mineralogical localities. 
The remarkable deposit of ilmenite. the iron ore composing Iron Hill, 
has long received much attention from mineralogists. The hill near 
Sneech Pond is said to have yielded a certain amount of metallic 
copper in the various explorations which have been made upon it. 
Near by, and in the same district, is an interesting and extensive vein of 
pyrolusite. 

The imperfect sections of this district which have thus far been ob- 
tained indicate that the total depth of the deposits probably amounts 
to more than five thousand feet, and may attain to twice that amount. 
However, as the region has been much affected by mountain building 
forces, and as the metamorphism has gone so far that little trace of the 
original bedding is now discernible, it is very difficult to obtain a satis- 
fectory account of the series. The nature of the contact between these 
evidently ancient rocks and those of Cambrian age has not yet been 
well determined. There are some reasons to suppose that it may be 
by faulting, but the fact that pebbles of the supposed Pre-Cambrian 
series are found in the rocks of Cambrian age is rather against this 
supposition. Actual contact is at no point traceable, the surface being 
too deeply covered with detrital materials. It may be noted, however, 
that the line between the two forniatious is much more direct than 
that which separates the Cambrian from the Carboniferous, and we are 
therefore more justified in supposing that faulting may have taken place 
at this point. 

Whatever be the age of these strata we have termed Prc-Cambrian, 
it is evident that they were formed long before the Cambrian deposits 
themselves, and this for the reason that the measure of metaniorphism 
which has affected the two regions is extremely diverse. The Cam- 
brian rocks exhibit very little sign of metamorphic action. The shales 
indicate a slight amount of infiltration, and in the conglomerates the 
pebbles all retain essentially their original character, save that they are 
sometimes slightly indented one into the other. The cement of the 
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mass is not more altered than is usual with our unchanged conglomer^ 
ates. Its general character, save for its reddish color, is undistinguish- 
able from the deposits of Millstone Grit age in the neighboring coal-lield. 
This wide difference in the measure of metamorphism of the rocks which 
are traced almost in contact with each other is of itself sufficient evi- 
dence of great disparity in age. Too much importance, however, should 
not be given to this consideration, for the reason, as I shall have here- 
after occasion to show in the final report on the Narragansett field, that 
the Carboniferous rocks in the southern portion of the basin appear to 
have undergone a very extensive regional metamorphism in which the 
sandstones have taken on a gneissic shape, the black shales been con- 
verted into otrolitic schists, and the conglomerates also metamorphosed, 
the cement taking on a gneissoid form, and the composition in many of 
the pebbles being similarly changed. This alteration, however, seems 
to come about gradually as we go from the north southward, while the 
corresponding change in passing from the Cambrian to the subjacent 
rocks is of a sudden nature. 

The rocks of apparently Pre-Cambrian age, possibly to be assigned to 
the Huronian period, which lie to the west of the Cambrian field, differ 
in their attitudes from those of the Carboniferous as well as the Cam- 
brian series. The prevailing strikes in the valley of the Blackstone are 
from northwest to southeast. There are some local variations which 
give other directions, but there can be no question that, considered as a 
field, the highly tilted rocks pretty regularly extend in a northwest and 
southeast direction. Thus the limestone belt which extends from near 
Valley Falls to Harris's Quarry, about four miles west of that point, 
has a tolerably uniform trend in the above-mentioned direction. At 
the Dexter Quarry they are locally thrown from the prevailing strike, so 
that the axis is nearly north and south ; but the general direction of the 
limestone belt is nearly that above described. On the other hand, the 
rocks of the Cambrian, as well as those of the Carboniferous, have a toler- 
ably uniform northeast and southwest trend, the strikes varying from 
north to north 45° east, thus following the general course of the disloca- 
tions along the Atlantic coast. It therefore appears that there must 
have been a change in the character of the tension and consequent dis- 
ruption which have affected this country in Pre- and Post-Cambrian 
times, the more ancient rocks having undergone extensive displacements 
in a peculiar axis before the later deposits were accumulated. 

In this connection it may be interesting to note that the beds of 
Tertiary age on Martha's Vineyard, about fifty miles to the southeast of 
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Attleborough, also exhibit northwest and southeast strikes. This matter 
I have considered in some detail in my Report on the Geology of Mar- 
tha's Vineyard, now in press in the United States Geological Survey. 

The age of the rocks which I have termed Pre-Cambrian must for the 
present remain doubtful. The absence in the section of any beds like 
those containing the Paradoxides of Braintree raises the presumption 
that they do not belong in the Braintree Cambrian series. The massive 
limestones which occupy a portion of the section are also to a certain 
extent evidence to the same effect. As a whole this section reminds me 
more of that which occurs at Eockport, Maine, than any other deposits 
known to me on the coast ; still I think there is nothing which can be 
evidence to prove the likeness in age of these beds. 

General Character of the Cambrian Books. 

As the object of this paper is to set forth the phenomena of the 
Cambrian series with no other attention to other deposits than is neces- 
sary to make them comprehensible, I shall now proceed to give in some 
detail an account of the deposits which appear to belong in this portion 
of the section. Sc far fossils have been found in rocks of this section 
which probably do not in the aggregate include more than one hwidred 
feet or so of the total section of the Cambrian series. However, as these 
deposits are of the same aspect as all the red slates and conglomerates 
of the area, it appears at present reasonable to include all rocks of this 
description with the above-mentioned series. The total thickness of the 
section which I have termed Cambrian is not accurately determinable. 
It probably amounts to not far from two thousand feet. In the main it 
consists of thin-bedded shaly layers which occasionally pass into moder- 
ately thick fine-grained greenish and reddish slates. Intermingled with 
these in several levels we have a number of layers of conglomerate, per- 
haps as many as half a dozen distinct beds, varying in thickness from 
two hundred to three hundred feet. In all cases these conglomerates 
are frequently interrupted by thin layers of shale or sandstone. The 
pebbles are mostly of small size ; none have been observed exceeding a 
foot in diameter, and few above six inches in thickness. The pebbles 
are in most cases rather angular. At certain points they have a veiy 
high degree of angularity, so that they assume the form of a breccia. 
The rocks from which the pebbles were taken are mainly identifi- 
able in the western portion of the field before described. Ko distinct 
traces of cross-bedding have been observed in the deposit. Indeed, in 
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the layers of conglomerate a thickness of from twenty to thirty feet 
may often be found in which only slight evidences of bedding are ascer- 
tainable. 

This section has been subjected to two classes of accidents. One has 
resulted in the general tilting of the deposits in an easterly direction, 
the angle of inclination not usually exceeding about 20° of slope. At 
certain points in the field there have been disruptions of the rocks, with 
possible faulting on the lines of breakage, attended by the extrusion of 
massive dikes of homblendic granite, which appear in the form of elon* 
gated somewhat lenticular-shaped ridges, which taper abruptly at either 
end. These ejections vary in diameter from a few hundred feet to as 
much as a mile, and their greatest length in one or two cases may 
amount to three miles or more. On either side of the injected syenite 
(or homblendic granite) the bed rocks are folded abruptly upward into 
vertical attitudes, which sometimes continue for a considerable distance 
from the face of the dike material. 

It is an interesting feature connected with these intrusions of gran- 
itic matter, that in no case do they appear to have brought about any 
very conspicuous metamorphism in the sedimentary deposits with which 
they have come in contact. The change is rarely apparent at more than 
two or three feet from the dike. Actual contact has been seen but at 
one point, southeast of locality No. 3 on the map, where the slates are 
found in almost immediate juxtaposition with the homblendic granites. 
At locality No. 1 we have an extensive area exposed within one hun- 
dred feet of the contact with the homblendic granite mass, more than 
half a mile in diameter. At this point we find no perceptible meta- 
morphic influence on the sedimentary strata. 

The topographic features within the limits of the Cambrian field are 
hi a large measure determined by the resistance to erosion afforded by 
these elongate domes of ejected matter. In a less determined way the 
ridges of conglomerate influence the shape of the country. The hom- 
blendic granites are but rarely exposed to the eye, for the reason that, 
wearing evenly, they form a uniform surface on which the drift material 
rests as a blanket. The conglomerate ridges, wearing irregularly, often 
appear as sharp peaks too steep to retain any considerable coating of 
glacial detritus. 

It is probable that these granitic ejections took place before the depo- 
sition of the Carboniferous rocks, for, although a very marked feature in 
the Cambrian district, they have nowhere been observed penetrating 
through or into the coal measures which overlie them. Indeed, as I 
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shall hereafter note in the discussion of this district, one of the most 
remarkable features in the Coal Measures is the entire absence of dike 
materials in this wide area, a feature in which it is in sharp contrast with 
all the neighboring portions of New England. The fact appears to be 
that the dikes which intersect the rocks of Southern New England were 
formed before the Carboniferous age, or if formed after for some reason 
never penetrated the deposits of the Coal Measure series. 

Although the intrusive rocks of this area are a baffling element in 
the effort to unravel its structure, the principal difficulty arises from the 
drift coating which covers at least ninety-five per cent of the surface. 
In passing over the country, the student is, on account of the distribu- 
tion of this drift coating, led to give too great structural importance to 
the conglomerates and to the homblendic granites. The fact is, that 
the softer shales almost always occupy the lowest parts of the area. 
Almost all the stream beds course upon them, and it is only by a care- 
ful study of the drift materials that the preponderance of these slates 
becomes evident. 

Origin of Sediments, and Conditions of Deposition. 

The sediments composing this Cambrian section appear to have been 
derived from rocks substantially the same as those which now lie in the 
field west of the area. Although fossils have been found in a small part 
of the section, close study makes it plain that by far the greater portion 
of the strata are clearly azoic. The frequent return of conglomerate 
layers and the coarseness of the pebbles show that during most of the 
time when the beds were accumulating the region was near shore ; so, 
too, the large amount of sandy matter even in the slates affords a pre- 
sumption that the region was not remote from the coast line. About 
one hundred feet of shale beds have been subjected to a very careful 
search for organic remains. The total thickness of the deposits in which 
any trace of life has been found probably does not exceed one hundred 
feet, and even in this section only a small part of the rocks actually con- 
tain fossils. As before remarked the rocks of this*Cambrian series are 
very little metamorphosed. We therefore cannot attribute the absence of 
life to secondary changes, but must regard it as an original characteris- 
tic of these sediments. The great abundance of conglomerates, the 
considerable size of their pebbles, the fact that none of these have a 
beach-worn character, but are in general form like the pebbles con- 
tained in the neighboring glacial deposits of a stratified character, afford 
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a basis for the presumption that these rocks were accumulated during 
an ice epoch. 

The glacial origin of these sediments is made more probable by the 
fact that they contain a laige amount of ferruginous material My ob- 
servations on the recent drift of New England show that at a hundred 
localities, representing all the States except Vermont, the drift contains a 
large amount of such material. The conditions of glacial erosion, the 
rapidity with which the process goes on, and the absence of acids pro- 
duced by decaying vegetation in the rocks, cause glacial deposits formed 
of detrital materials originating in crystalline rocks to contain large 
amounts of iron, which under ordinary conditions of decay would be 
oxidized and borne away in the dissolved state. 

The distribution of Cambrian fossils in these beds, where they occur in 
thin layers, appears to indicate that life was present in the sea at some 
distance from this shore line, and that it occasionally, in the interruption 
of the conditions which made the rest of the beds non-fossiliferous, won 
its way to this field. Precisely similar invasions of life took place dur- 
ing the last glacial period along the shores of this part of the continent. 

Charaoteristios of Life. 

The organic fossils obtained from the Cambrian beds of Attleborough 
show very clearly that the section in which they lie belongs in the earlier 
divisions of that age. This is indicated by the general correspondence 
of the organic forms with typical sections elsewhere, particularly those 
in the region about the Hudson valley. It will be noted that no trilo- 
bites of the Olenellus group have been found in this section, though the 
total number of specimens of this order observed is considerable. The 
foct that one species of Paradoxides occurs in these beds appears to in- 
dicate that the fauna has rather close affinities with the Braintree Cam- 
brian horizon. It is interesting to note that this surviving member of 
the Paradoxides series is very small. I believe it to be one of the most 
minute forms which has yet been described. Although this fossil is so 
far represented by a single specimen, it affords ground for the presump- 
tion that the group was at this time imperfectly developed. 

The most interesting feature connected with these fossils is the ample 
representation of the group to which Salterella and Hyolithes belong. 
By far the greater number of the individual fossils which were found at 
the three localities belong to one or another of five species described in 
the following account of the fossil remains. Indeed, at locality No. 1, 
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at least ninety-five per cent of the recognizable fossils are members of 
this group. Some of the layers at that locality which have an aggre- 
gate thickness of half a foot are in good part composed of these remains. 
It is interesting to note the fact, that certain of these species appear to 
have found lodgment in the empty shells of their predecessors. In no 
other way can we so well explain the fact, that from one to four of the 
cones are often found packed into the larger shells in the manner indi- 
cated in the diagrams of the descriptions of fossils from this section. 
If this view of the relations of these included cones be correct, we have 
in this horizon perhaps the first evidence of a habit of a somewhat intel- 
lectual nature which is known through the history of the rocks. 

It is perhaps worth while to note that one of the Ptychoparias found 
in this section is clearly rolled, as is the fashion with many of the forms, 
such as the Calymenes, in higher horizons. This peculiar habit has been 
supposed to be of a protective nature, the trilobite thereby securing im- 
munity from danger when assaulted by enemies. This indeed seems at 
first sight a very probable interpretation of this habit, and of the peculi- 
arities of form which make the means of rolling the body into a ball 
possible. The difiiculty, however, is to see what was the nature of the 
enemies from which the creature had to defend itself. The rocks of this 
horizon are not known to contain any creatures capable of threatening 
the safety of the trilobites. So far as our knowledge goes, they were 
themselves the only highly organized forms in this horizon. The other 
creatures appear to have been relatively weak ; none of them, so far as 
we know, were able to menace the trilobites, nor does it seem likely that 
the trilobites could have assailed each other in a serious manner. 

Relation of this Deposit to Cambrian Problem. 

The position of these Attleborough beds with reference to the fauna of 
the Paradoxides section is one of extreme interest. As yet these two 
horizons have never been found in definite relations with each other, so 
that it may be affirmed which of the two is the earlier. The Scandi- 
navian geologists claim that in their country the Paradoxides zone oc- 
cupies a higher position than that of the Olenellus group. On this 
account I have taken much pains in seeking for any indication of 
beds which could be referred to the Paradoxides zone. So far, I have 
not succeeded in finding any trace of rocks which would serve to es- 
tablish the relation between the two horizons. As is well known, a 
considerable mass of strata, having an aggragate thickness of some 
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hundreds of feet, belonging to the Paradoxides section of the Cambrian, 
exists on the southern shore of Massachusetts Baj in the township of 
Braintree. This deposit probably extends, as a continuous mass or as 
an isolated section, as far as the Neponset River in Quincy, a distance 
of about four miles. Although no distinct fossils have been found, save 
at Braintree, a number of distinct remains occur near the Neponset 
River, in beds having much the same aspect, and apparently at about 
the same distance from the syenites, as those at Braintree. It there- 
fore, on account of the large extent of the Paradoxides section about 
Massachusetts Bay, seems possible that the Braintree section may be 
represented somewhere in the Attleborough Cambrian district. 

Although I spent a good deal of time searching for rocks which should 
have a physical likeness with those at Braintree, I have not yet been able 
to discover any such in the Narragansett field. The conditions under 
which the search was made render it difficult to make sure that such 
deposits may not yet be found in that vicinity. A search for the Attle- 
borough series in the Boston synclinal and in the neighborhood of the 
Braintree beds has likewise been unavailing. Ko deposits of conglom- 
erates or sandstones having the peculiar hue of that series have been 
found in any part of the Boston basin. I therefore regretfully conclude 
that the probability of determining the relative position of these two sec- 
tions in this field is small. The absence of one of these members of the 
Cambrian series from the Boston basin and from that of Attleborough 
may be fairly attributed to the large amount of erosion to which both 
regions have been subjected. The Paradoxides beds of Massachusetts 
Bay are evidently a mere remnant of a sheet which once overspread a 
large part of that area. The extensive conglomerates belonging to the 
Roxbury series, with their associated slates and the argillaceous deposits 
of Cambridge and Somerville, are probably of Cambrian age, and may 
possibly belong to the lower portion of that section, along with the Para- 
doxides bearing strata. But it is barely possible that they may repre- 
sent the same age as the conglomerates and shales which lie above the 
level of the Attleborough fossiliferous horizon. The wide difference in 
the mineralogical character especially of the slates makes this view, how- 
ever, improbable. 

Although the relation of these two horizons is not determinable by a 
comparison of the Massachusetts Bay and Narragansett deposits, it is 
possible that it may be elsewhere determined. Fragments of sections 
containing these horizons may well be found along other portions of our 
Atlantic coast. 
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been worn down to something like the form in which thej now appear. 
If we are ever able to determine the age of the Koxbury conglomerate, 
we can place the period of the extrusion of some of these homblendic 
granites in a yet more accurate manner, for it is evident that those 
of the Blue Hill region, as before remarked, were subjected to erosion 
before the deposition of those conglomerates. 

The foregoing account of the Cambrian localities of the Attleborough 
district will, it is hoped, be sufficient to attract the attention of geolo- 
gists to this important district. Although this report is in its nature 
preliminaiy, enough has been set forth to show the importance of the 
field with reference to many problems in American geology. 
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PrelinUnary Description of North AttUhorough FosMs. By N. S. Shaleb 

and August F. Foebstb. 

1. Obolella oraasci* Hall, yar. 

Plato I. Flff. 1* 

Shell oval or sub-circular, the beak projecting a little beyond the general 
outline of the shelL The surface is marked by numerous concentric, lamellar 
stride, and also by rather strong radiating strise. The latter, although usually 
continuous throughout their whole length, frequently become more or less dis- 
jointed and laterally displaced in passing across certain of the more marked 
concentric striso. The radiating striae also vary at such points in their relative 
prominence and distinctness. 

The interior of the shells differs considerably &om that of typical specimens 
of this species. The cast of the interior of the dorsal or anterior valve ex- 
hibits two short triangular elevations at the beak, which represent the cardinal 
area, and a depression between which corresponds to the cardinal tooth. On 
either side are additional larger elevations, this pair representing the scars of 
the cardinal muscles. Immediately above the second pair, the general surface 
of the casts is strongly elevated, the elevation decreasing in distinctness to- 
wards the margin. That part of this elevation which lies nearest to the hinge 
margin is quite abrupt, and marks the position of the lateral muscular scars. 
Along the median line of this elevation is a depression extending to above the 
middle of the shell, the more or less distinct sides of which are known by 
some writers as central muscular scars. 

The cast of the ventral valve shows a median elevation, narrow and promi- 
nent, at the beak, which represents very likely a notch in this part of the 
cardinal area of the original shell. On either side of this elevation are two 
laterally directed notches, in front of which is an elevation representing cardi- 
nal muscular scars, and the elevated portions immediately behind represent 
lateral scars. No satisfactory central markings could be distinguished. Where 
it seemed that these could be detected, closer examination has shown them to 
be too faint for determination. 

Locality and position. — Stations Nos. 2 and 3, North Attleborough, Mass., 
Cambrian, 160 specimens; also at Troy and Schodack Landing, N. Y.; St 
Simon and Bic Harbor, Canada. 

2. Obolella? 

Plato I. Fls. 8. 

Shell almost circular in outline, moderately convex, with no prominent 
beak. The exterior saihce is marked by concentric (exfoliated) strise of 
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growth, a moderate distance apart, and distinct. The interior cast of the 
dorsal valve is in general moderately convex, at the edges being more finely 
and less distinctly striate than the exterior surface. The margin along the 
beak is flat. The cardinal scars in the cast follow the outline of the shell, and 
are well defined along their exterior outline, but not along their interior. The 
reverse is true of the casts of the lateral scars. The lateral scars unite with 
the central scars, forming a figure comparable with that of a reversed W, 
which is distinctly outlined along the outline facing away from the beak, but 
is indistinct along the outline facing the cardinal scars. The diameter of the 
shell is 5 mm. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, one specimen. 

• 

3. Fordilla (Troyensis, Bamnde?). 

Plate I. Fls. 4. 

Cast of left valve 7 mm*, long and 4 mm. broad, moderately convex along the 
border, quite strongly convex near the hinge line. The broadest part of the 
shell is slightly anterior to the middle of the length of the shelL Posteriorly 
the shell decreases rapidly in breadth. The posterior extremity is rounded, 
but more attenuate than in specimens figured by Walcott. Anteriorly the 
border of the cast is narrowly indented; in consequence of the indentation, 
the border is produced as a small lobe, and forms the anterior extremity of the 
shell. A rather broad, shallow groove runs along the shell near the margin. 
The cast shows no striae. 

Compared with typical specimens of this species, the North Attleborough form 
is larger, more attenuate posteriorly, and more strongly ai'ched near the hinge 
line. Walcott, in his Second Contribution to Cambrian Faunas,* figures, on 
Plate XI. fig. 3 b, a cast which forms a connecting link between the form 
here described and the typical forms, which have a broader posterior outline. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cambrian, 
one specimen ; also at Troy and Schodack Landing, N. Y. 

4. Lamellibranch ? 

Plate I. FliT. ff. 

A single specimen of entirely unknown relations has at least the general 
outline of a Lamellibranch. It is 9.5 mm. long and 3.7 mm. wide. The 
border is gently curved ; the hinge line almost straight. Along the hinge line 
is a flat, strongly inclined nan-ow field, with tine strise almost perpendicular 
to the hinge line. THe rest of the shell forms a surface almost perpendicular 
to the hinge area. It is finely striated, the curved striae following the outline 
of the border. The broadest part of the shell is about one third the dis- 

* Bulletin U. S. Geol. Survey, No. 80. 
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tanoe from the anterior extremity of the shell. If indeed a Lamellibranch, 
the specimen is the left valve of the shell. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cambrian, 
one imperfect specimen. 

5. Scenella retioulata, BilUogs. 

Plate I. lis. 0. 

Shell small, conical. The apertnre is almost circular; but there is a great 
convexity of curvature on one side, giving rise to a low, indistinct carina, and 
to a slightly oval outline at the aperture. The apex of the shell is slightly in- 
curved towards the carinated side. The length of the aperture is 6.5 mm., 
the breadth 6 mm.; the height of the shell is 3.9 mm. The surface is faintly 
wrinkled transversely. True concentric and radiating striae are not shown in 
the specimen. The absence of radiating and concentric striae would at once 
separate this specimen from the types of the species, but the markings are 
80 delicate that their preservation in this decayed rock would be extremely 
improbable. In other respects, however, it is very much like the type 
specimens. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, one specimen; also at Topsail Head, Conception Bay, Newfoundland. 

6. Stenotheca rugosa, var. pauper. 

PUte I. Fis. 7. 

Shell small, decreasing rapidly in size towards the apex. Apex strongly 
incurved. Shell corrugated into from five to eight rounded ridges, passing 
transversely around the shelL These are crossed by very fine, closely set 
striae, passing longitudinally along the shell. In the casts, the transverse 
ridges are less distinct, and the longitudinal striae are not seen at all. When 
not crushed, the apex is broad oval in outline. Diameter of the aperture 
2.6 mm.; height, the same. Specimens are often smaller. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cam- 
brian, 20 specimens. It is of some interest to note that this form does not 
occur at Station No. 2, where two other varieties are found. 

7. Stenotheca rugosa, var. abrupta. 

PlAte I. liff. 9. 

Shell small, decreasing rapidly in size towards the apex. The apex never 
strongly incurved; usually within a moderate distance of a line vertical to 
the base at its centre. Shell never more than slightly curved. Shell corru- 
gated into four or five rounded ridges, passing transversely around the shell, 
very strong below, decreasing tUpidly in size towards the apex. Qreatest di- 
ameter of the aperture, 4 nun. ; height of the shell, the same. Longitudinal 
BtriiB very fine and closely set 
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at least ninety-five per cent of the recognizable fossils are members of 
this group. Some of the layers at that locality which have an aggre- 
gate thickness of half a foot are in good part composed of these remains. 
It is interesting to note the fact, that certain of these species appear to 
have found lodgment in the empty shells of their predecessors. In no 
other way can we so well explain the fact, that from one to four of the 
cones are often found packed into the larger shells in the manner indi- 
cated in the diagrams of the descriptions of fossils from this section. 
If this view of the relations of these included cones be correct, we have 
in this horizon perhaps the first evidence of a habit of a somewhat intel- 
lectual nature which is known through the history of the rocks. 

It is perhaps worth while to note that one of the Ptychoparias found 
in this section is clearly rolled, as is the fashion with many of the forms, 
such as the Calymenes, in higher horizons. This peculiar habit has been 
supposed to be of a protective nature, the trilobite thereby securing im- 
munity from danger when assaulted by enemies. This indeed seems at 
first sight a very probable interpretation of this habit, and of the peculi- 
arities of form which make the means of rolling the body into a ball 
possible. The difiiculty, however, is to see what was the nature of the 
enemies from which the creature had to defend itself. The rocks of this 
horizon are not known to contain any creatures capable of threatening 
the safety of the trilobites. So far as our knowledge goes, they were 
themselves the only highly organized forms in this horizon. The other 
creatures appear to have been relatively weak ; none of them, so far as 
we know, were able to menace the trilobites, nor does it seem likely that 
the trilobites could have assailed each other in a serious manner. 

Relation of this Deposit to Cambrian Problem. 

The position of these Attleborough beds with reference to the fauna of 
the Paradoxides section is one of extreme interest. As yet these two 
horizons have never been found in definite relations with each other, so 
that it may be affirmed which of the two is the earlier. The Scandi- 
navian geologists claim that in their country the Paradoxides zone oc- 
cupies a higher position than that of the Olenellus group. On this 
account I have taken much pains in seeking for any indication of 
beds which could be referred to the Paradoxides zone. So far, I have 
not succeeded in finding any trace of rocks which would serve to es- 
tablish the relation between the two horizons. As is well known, a 
considerable mass of strata, having an aggragate thickness of some 
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hundreds of feet, belonging to the Paradozides section of the Cambrian, 
exists on the southern shore of Massachusetts Bay in the township of 
Braintree. This deposit probably extends, as a continuous mass or as 
an isolated section, as far as the Neponset River in Quincy, a distance 
of about four miles. Although no distinct fossils have been found, save 
at Braintree, a number of distinct remains occur near the Neponset 
River, in beds having much the same aspect, and apparently at about 
the same distance from the syenites, as those at Braintree. It there- 
fore, on account of the large extent of the Paradoxides section about 
Massachusetts Bay, seems possible that the Braintree section may be 
represented somewhere in the Attleborough Cambrian district. 

Although I spent a good deal of time searching for rocks which should 
have a physical likeness with those at Braintree, I have not yet been able 
to discover any such in the Narragansett held. The conditions under 
which the search was made render it difficult to make sure that such 
deposits may not yet be found in that vicinity. A search for the Attle- 
borough series in the Boston synclinal and in the neighborhood of the 
Braintree beds has likewise been unavailing. Ko deposits of conglom- 
erates or sandstones having the peculiar hue of that series have been 
found in any part of the Boston basin. I therefore regretfully conclude 
that the probability of determining the relative position of these two sec- 
tions in this field is small. The absence of one of these members of the 
Cambrian series from the Boston basin and from that of Attleborough 
may be fairly attributed to the large amount of erosion to which both 
regions have been subjected. The Paradoxides beds of Massachusetts 
Bay are evidently a mere remnant of a sheet which once overspread a 
large part of that area. The extensive conglomerates belonging to the 
Roxbury series, with their associated slates and the argillaceous deposits 
of Cambridge and Somerville, are probably of Cambrian age, and may 
possibly belong to the lower portion of that section, along with the Para- 
doxides bearing strata. But it is barely possible that they may repre- 
sent the same age as the conglomerates and shales which lie above the 
level of the Attleborough fossiliferous horizon. The wide difference in 
the mineralogical character especially of the slates makes this view, how- 
ever, improbable. 

Although the relation of these two horizons is not determinable by a 
comparison of the Massachusetts Bay and Narragansett deposits, it is 
possible that it may be elsewhere determined. Fragments of sections 
containing these horizons may well be found along other portions of our 
Atlantic coast. 
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DisouBsion of the Evidence afforded by the Attleborough 



The facts as given above concerning the rocks of the Attleborough sec- 
tion and the neighboring parts of Rhode Island carry our information con- 
cerning the condition of the Atlantic coast line much further than might 
at first sight be supposed. In the first place, thej prove that the Atlantic 
coast line was during the Cambrian period not far removed from its pres- 
ent position. The great thickness and general character of the conglom- 
erates appear to me to be abundant evidence on this point. Whether the 
formation of these conglomerates was due to glacial action or not, it is 
clear that they were deposited near the coast line. Only by the action 
of water moved by strong currents could we have had the stratification 
induced which appears in many of these pebbly sections. Such rapid 
movements of water are only possible in shoal regions. The fact that 
the pebbles have apparently all been derived from rocks in the immedi- 
ate neighborhood, those which lie to the westward of the Cambrian 
deposits, indicates that, while the Cambrian region was sea, the neigh- 
boring district was in a condition to yield detritus to erosive forces, and 
was therefore presumably land. We thus fix the marine shore line of 
the continent in this area close to the present coast. 

It may be here remarked, in passing, that we have now determined 
four stages in the history of this part of the continent, in which the 
coast line was near its present position. These are as follows : the 
Cambrian, which we are now considering, the Carboniferous, which 
immediately succeeds it in the same field, the Triassic conglomerate of 
the Connecticut valley, and the probable Miocene conglomerates which 
appear at Gay Head on Martha's Vineyard. There are two other hori- 
zons pretty well determined in which fragmental materials formed along 
the coast line exist, viz. that of the Eoxbury puddingstone, which prob- 
ably belongs in the Cambrian age, possibly in the horizon of the Para- 
doxides beds, and the coarse sandstones of Cretaceous age which appear 
on Martha's Vineyard. If we add to these the glacial conglomerate of 
the last ice period, we have a total of seven stages in the earth's his- 
tory from the Lower Cambrian to the present day, in which the shore 
of the continent has appeared near its present position. When we re- 
member the amount of evidence going to show great erosion in this 
field since the earliest geological ages, an erosion which may have re- 
moved the evidence of coast line deposits of many different ages, we 
are struck with the fact that we have here proof as to the permanence 
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in the relation of the continent to the sea in this portion of the earth's 
BurfiMse. 

The same evidence which enables us to affirm the frequent presence of 
the coast line at this point, serves also to indicate that this portion 
of Kew England has from a very early date possessed and retained its 
present mineralogical character. The conglomerates of this Cambrian 
horizon contain substantially the same kinds of rocks as make up similar 
detrital deposits of the drift period. So far, I have been unable to dis- 
cover any varieties of rocks in the one which are not contained in the 
other, with the single exception of the homblendic granites, such as 
are intruded in the form of dikes amid the Cambrian deposits. It 
appears likely that these materials did not appear in this district until 
after the Cambrian had been deposited. 

The homblendic granites which are intruded into the rocks of this 
Cambrian field have a general likeness to those which appear in the re- 
gion of the Sharon and Blue Hills. Although in the form of detached 
masses, they are scattered in a somewhat linear fashion, as in those 
fields of granite. It is not improbable that their ejection may be of 
the same date as that of the similar rocks to the northward, but as yet 
there is no sufficient evidence to make any affirmation in the matter. 

The evidence afibrded by the Attleborough series as to the history of 
the Narragansett Basin, takeu in connection with the other facts which 
I have ascertained in my study of this district, is of a very interesting 
nature. On the eastern side of the Narragansett synclinal, north of Fall 
River, the Carboniferous deposits lie immediately upon syenites. On 
this side of the field the Lower Carboniferous strata are composed, to the 
thickness of a hundred feet or more, of consolidated waste derived from 
these crystalline rocks. This waste is so little changed, that at first 
sight the section appears to be composed of decayed granitic matter. It 
was only on finding fossils in the deposit at Steep Brook, Mass., where it 
is quarried for fire-clay, that I became convinced of its Carboniferous 
age. It thus appears that while on the western part of the basin the 
Carboniferous series rested upon the great section of Cambrian and 
Pre-Cambrian rocks, it was bounded on the east by ejections of crystal- 
line materials. 

This fact enables us in a general way to determine something con- 
cerning the time when these granitic deposits appeared on this part of 
the continent. They evidently were injected after the formation of the 
Cambrian, and before the formation of the Carboniferous. At the time 
when the Coal Measures were deposited these homblendic granites had 



26 BULLETIN OF THE 

been worn down to something like the form in which they now appear. 
If we are ever able to determine the age of the Roxbury conglomerate, 
we can place the period of the extrusion of some of these homblendic 
granites in a yet more accurate manner, for it is evident that those 
of the Blue Hill region, as before remarked, were subjected to erosion 
before the deposition of those conglomerates. 

The foregoing account of the Cambrian localities of the Attleborough 
district will, it is hoped, be sufficient to attract the attention of geolo- 
gists to this important district. Although this report is in its nature 
preliminary, enough has been set forth to show the importance of the 
field with reference to many problems in American geology. 
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Prdiminary Description of North Attlehorough Fouih. By N. S. Shalsb 

and August F. Fosbstb. 

1. Obolella orassa. Hall, tut. 

Plato I. FIff . 1. 

Shell oval or sub-circular, the beak projecting a little beyond the general 
outline of the shell. The surface is marked by numerous concentric, lamellar 
strite, and also by rather strong radiating striae. The latter, although usually 
continuous throughout their whole length, frequently become more or less dis- 
jointed and laterally displaced in passing across certain of the more marked 
concentric strise. The radiating striie also yary at such points in their relative 
prondnence and distinctness. 

The interior of the shells differs considerably from that of typical specimens 
of this species. The cast of the interior of the dorsal or anterior valve ex- 
hibits two short triangular elevations at the beak, which represent the cardinal 
area, and a depression between which corresponds to the cardinal tooth. On 
either side are additional larger elevations, this pair representing the scars of 
the cardinal muscles. Immediately above the second pair, the general surface 
of the casts is strongly elevated, the elevation decreasing in distinctness to- 
wards the margin. That part of this elevation which lies nearest to the hinge 
margin is quite abrupt, and marks the position of the lateral muscular scars. 
Along the median line of this elevation is a depression extending to above the 
middle of the shell, the more or less distinct sides of which are known by 
some writers as central muscular scars. 

The cast of the ventral valve shows a median elevation, narrow and promi- 
nent, at the beak, which represents very likely a notch in this part of the 
cardinal area of the original shell. On either side of this elevation are two 
laterally directed notches, in front of which is an elevation representing cardi- 
nal muscular scars, and the elevated portions immediately behind represent 
lateral scars. No satisfactory central markings could be distinguished. Where 
it seemed that these could be detected, closer examination has shown them to 
be too faint for determination. 

Locality and position. — Stations Nos. 2 and 3, North Attlehorough, Mass., 
Cambrian, 160 specimens; also at Troy and Schodack Landing, N. Y.; St 
Simon and Bic Harbor, Canada. 

2. Obolella? 

PlAto I. Fl*. S. 

Shell almost circular in outline, moderately convex, with no prominent 
beak. The exterior surface is marked by concentric (exfoliated) stris of 
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growth, a moderate distance apart, and distinct. The interior cast of the 
dorsal valve is in general moderately convex, at the edges being more finely 
and less distinctly striate than the exterior surface. The margin along the 
beak is flat. The cardinal scars in the cast follow the outline of the shell, and 
are well defined along their exterior outline, but not along their interior. The 
reverse is true of the casts of the lateral scars. The lateral scars unite with 
the central scars, forming a figure comparable with that of a reversed W, 
which is distinctly outlined along the outline facing away from the beak, but 
is indistinct along the outline facing the cardinal scars. The diameter of the 
shell is 5 mm. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, one specimen. 

8. Fordilla (Troyensis, Barrande?). 

PlAte I. Flff . 4. 

Cast of left valve 7 mm*, long and 4 mm. broad, moderately convex along the 
border, quite strongly convex near the hinge line. The broadest part of the 
shell is slightly anterior to the middle of the length of the shelL Posteriorly 
the shell decreases rapidly in breadth. The posterior extremity is rounded, 
but more attenuate than in specimens figured by Walcott. Anteriorly the 
border of the cast is narrowly indented; in consequence of the indentation, 
the border is produced as a small lobe, and forms the anterior extremity of the 
shell. A rather broad, shallow groove runs along the shell near the margin. 
The cast shows no atrise. 

Compared with typical specimens of this species, the North Attleborough form 
is larger, more attenuate posteriorly, and more strongly ai-ched near the hinge 
line. Walcott, in his Second Contribution to Cambrian Faunas,* figures, on 
Plate XI. fig. 3 b, a cast which forms a connecting link between the form 
here described and the typical forms, which have a broader posterior outline. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cambrian, 
one specimen ; also at Troy and Schodack Landing, N. Y. 

4. Lamellibranch ? 

Plate I. Fiff. 6. 

A single specimen of entirely unknown relations has at least the general 
outline of a Lamellibranch. It is 9.5 mm. long and 3.7 mm. wide. The 
border is gently curved ; the hinge line almost straight. Along the hinge line 
is a flat, strongly inclined nan'ow field, with tine strise almost perpendicular 
to the binge line. The rest of the shell forms a surface almost perpendicular 
to the hinge area. It is finely striated, the curve^strise following the outline 
of the border. The broadest part of the shell is about one third the dis- 

* Bulletin U. S. Geol. Survey, No. 80. 
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tanoe from the anterior extremity of the shell. If indeed a Lamellibranch, 
the specimen is the left valve of the shell. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cambrian, 
one imperfect specimen. 

5. Scenella reticulata, BilllDgs. 

Plate I. Fls. e. 

Shell small, conical. The apertnre is almost circular; bat there is a great 
convexity of curvature on one side, giving rise to a low, indistinct carina, and 
to a slightly oval outline at the aperture. The apex of the shell is slightly in- 
curved towards the carinated side. The length of the aperture is 6.5 mm., 
the breadth 6 mm.; the height of the shell is 3.9 mm. The surface is faintly 
wrinkled transversely. True concentric and radiating striss are not shown in 
the specimen. The absence of radiating and concentric strisB would at once 
separate this specimen from the types of the species, but the markings are 
BO delicate that their preservation in this decayed rock would be extremely 
improbable. In other respects, however, it is very much like the type 
specimens. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, one specimen; also at Topsail Head, Conception Bay, Newfoundland. 

6. Stenotheca rugosa, var. pauper. 

Plate I. Fiff. 7. 

Shell small, decreasing rapidly in size towards the apex. Apex strongly 
incurved. Shell corrugated into from five to eight rounded ridges, passing 
transversely around the shell. These are crossed by very fine, closely set 
striflB, passing longitudinally along the shell. In the casts, the transverse 
ridges are less distinct, and the longitudinal striss are not seen at all. When 
not crashed, the apex is broad oval in outline. Diameter of the aperture 
2.5 mm.; height, the same. Specimens are often smaller. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cam- 
brian, 20 specimens. It is of some interest to note that this form does not 
occur at Station No. 2, where two other varieties are found. 

7. Stenotheca rugosa, var. abrupta. 

Plate I. Flc. 9. 

Shell small, decreasing rapidly in size towards the apex. The apex never 
strongly incurved; usually within a moderate distance of a line vertical to 
the base at its centre. Shell never more than slightly curved. Shell corru- 
gated into four or five rounded ridges, passing transversely around the shell, 
very strong below, decreasing rspidly in size towards the apex. Greatest di- 
ameter of the aperture, 4 mm. ; height of the shell, the same. Longitudinal 
atrie very fine and closely set 
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Mr. Walcott'fl note on the type of Stenotheca pauper lecallB this variety ; but 
our Bpecimens are laiger than is indicated by the original description of Bil- 
lings, and the apex can scarcely be said to be incurved. The ridges are coarse, 
and not small. 

Locality and position. — Stations No. 2 and 3, North Attleborough, Mass., 
Cambrian, 30 specimens; also at Troy, N. Y., and Bic Harbor, Canada ? Va- 
rieties pauper and abrupta are not found connected by intermediate forms at 
North Attleborough, and may be distinct species. 

8. Stenotheca curvirostra, sp. n. 

Plato I. Fls. 8. 

Shell small, rather elongate; the lower part gently curved, the curvature 
more marked, especially at the beak ; the beak always considerably elevated 
above the aperture of the shell. The transverse ribs are narrow and sharp; 
from ten to eighteen are found on a single shell; the interspaces are broad 
and flat. The longitudinal strin are fine and closely set. Diameter of the 
aperture of the shell in the largest specimen found, 4 mm.; height of the 
shell 5 mm. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, 5 specimens. 

9. Flatyceras primsevum, Billingi. 

Plate* I. and H. Fiff. 10. 

Shell very small, whorls two in number. Seen from above, the whorls lie 
very nearly in the same plane; they increase rapidly in size, the second be- 
coming comparatively very large, and all being throughout evenly rounded. 
Seen from below, only the last whorl is visible, and the whorls have a some- 
what spiral form; the ascent of the spire increases rapidly towards the aper- 
ture, at that point partly overlapping the first part of the whorL There are 
faint traces of transverse striae ; this characteristic ornamentation of the 
species would not be well preserved in the decomposed material in which 
the North Attleborough specimens occur. Width of the shell 2.8 mm. ; height, 
1.5 mm. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, a dozen specimens; also at Troy, N. Y., and Bic Harbor, Canada. 

10. Fleurotomaria (Raphistoma) Attleborensis, sp. n. 

Plato II. FIff. 11. 

Shell small, flattened, composed of three whorls. The first whorl is very 
small; the succeeding ones increase rapidly in size. The surface in genera] 
slopes at a low angle from the apex of the shell to the sides. In the last whorl 
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of the cast, the outside margin of the coil thickens a little, forming an indis- 
tinct border along the margin of the shell, which becomes more evident as it 
approaches the orifice. The edge of the whorl is compressed and rather nar- 
rowly rounded. The surface of the shell is marked by fine, transverse, closelj 
set strifiB, which apparently are directed backward towards the earlier formed 
parts of the shell, but in reality indicate various stages of growth of the shell* 
The internal cast does not show these fine stris ; but broader and more widely 
separated elevations, having the same direction as the striss. The diameter of 
the shell is 3.2 mm. ; the height is a little less than 1 mm. Owing to the shape 
of the shell it is dilficult to measure its height accurately. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cam- 
brian, one specimen. The discovery of another coiled gasteropod in this divis- 
ion of the Cambrian of America is of interest, and makes the sudden influx of 
coiled genera in the Upper Cambrian less inexplicable. 

11. Hyolithes qtiadrioostatus, sp. n. 

PlAte n. Flc. 18. 

Shell straight, elongate, tapering gradually to an acute point; apical angle 
17®. The external cast of the type specimens is 20 mm. loug; including an 
additional length represented by an internal cast of the same specimen, but 
extending farther from the apical extremity, it is 25 mm. long. As the end of 
cast is broken, a length of 30 mm. may be presumed for the entire specimen. 
The supposed dorsal side is broad and flat or slightly concave along the centre ; 
when depressed, a low elevation may occur along the median line; in all cases, 
the surface retains a rather flat appearance. The lateral angles are rounded. 
The supposed ventral side is as usual flattened along the median line for about 
half the width of the shell. The sides of this flattened surface are more or 
less elevated, giving it a slightly concave appearance along the median line. 
Immediately beyond the flattened surface on either side is a more or less dis- 
tinct groove. The result is, that, in addition to the two lateral angles, there are 
two angles or ridges on the ventral side, giving the entire shell the quadri- 
costate appearance indicated by the specific name. The two ventral ridges in- 
crease in distinctness as they recede from the apical extremity, and are usually 
more distinct, or at least less rounded, than the lateral angles. At a distance 
of six or seven millimetres from the apical extremity, the shell is crossed by 
an apparently imperforate septum. The cast of this septum from the upper 
aide had the appearance of a flattened surface with a slightly elevated border 
around the margin. The surface of the shell is marked by fine transverse 
stris. The longitudinal ridges are less prominent on the interior cast of the 
shell than on the exterior. 

Taken by itself this species would appear to be very distinct from the usual 
forms of Hyolithes, but in reality it forms only the extreme of a series of 
intennediate species, which begins with specimens characterized by numerous 
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fine longitudinal striffi, these stris increasing in size and diminialiitig in num- 
ber until we have such forms as Hyolithea hexagonus^ Barrande, with only four 
ridges in addition to the normal two lateral angles. In the specimens here 
described, this number is reduced to two additional costae. The character 
of the variation is quite distinct from that afforded by a more acute or salient 
ventral median line alone. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, rare. 

12. Hyolithes oommunis, var. Emmonsi* Ford. 

PlAte H. Flff. 17. 

Shell slender, straight, gradually tapering. In the specimen here described, 
the part from the apical extremity to the imperforate septum is lost. It is fair 
to presume that the length of this unseen part was about 15 mm.; the re- 
mainder of the specimen is 38 mm. long, so that an occasional total length of 
55 mm. or 60 mm. would not be too high an estimate. The apical angle is 11°. 
The dorsal side is flattish, more or less depressed along the median line, the 
depression becoming more distinct at a distance from the apical extremity. 
The ventral side is quite evenly rounded, and is strongly convex; the lateral 
angles are also rounded, their position chiefly defined by the depression along 
the median line of the dorsal side. The cast of the septum warpedly curved; 
the convexity turned towards the apex of the shell; otherwise smooth, with a 
faint, raised margin. The surface of the shell is ornamented by fine transverse 
stnse. 

This species varies greatly in size, and the specimen here described is one 
of the largest forms. The depressed median area of the dorsal side is most 
characteristic. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, oue specimen. The type specimens were found near Troy, N. Y. 

13. Hyolithes Americanus, BilllngB. 

Plate II. FIff. 16. 

Shell straight, triangular, tapering gradually to an acute point. There is no 
trace of a septum in the specimen at hand. The apical angle is 20°. The 
dorsal side flattened or gently convex, with a slightly increased curvature at 
the lateral angles. The lateral angles are but slightly rounded. The ventral 
side L<9 composed of two flat surfaces, which meet each other at the median line, 
giving a triangular outline to the cross sections of the shell. The angle formed 
at the median line is in type specimens never rounded ; but there is a slight 
tendency in some specimens to form a more or less distinct elevation or incip- 
ient wing along this line. The flattened surfaces of the ventral side, meeting 
sharply at the median line, are characteristic of this species. The character of 
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the ornamentation of the suriaoe cannot be determined from the specimens at 
hand. Mr. Billings describes them as being finely striated, " the strife curving 
forwards on the dorsal side, then passing upwards on the sides at nearly a right 
angle, curve slightly backwards on the ventrum." The specimen described 
here is 11 mm. long, and is one of the smaller specimens of the species. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, one specimen. It occurs also at Troy, N. Y., and at Bic and St. 
Simon in Canada. 

14. Hyolithes princeps, BilUngi. 

Plate U. Fls 95. 

Shell large, straight, gradually tapering, very thin. The shells occur in 
large numbers throughout the section at Locality No. 1. Their outline is 
readily seen on almost any fracture of the rock in the bed in which the species 
is found; but owing to the irregular fracture of the rock and the laige size of 
the species, as well as to the very frail nature of the shell, entire specimens 
are not found. The following description is drawn up frx)m abundant frag- 
mentary material. 

The sheUs vary greatly in size, reaching at maturity a diameter of 9 or even 
11 nmi. and a length of 100 mm. or more. The dorsal side is flattened or mod- 
erately convex. The ventral side is decidedly convex; usually the convex- 
ity is more marked on one side of the ventral surface than on the other, the 
latter side being often almost flat The median line is rounded, yet usually 
distinct enough to be recognized. The apical angle is very moderate. In some 
specimens it is as low as 6^. In the original description of the species, it is 
said to be as high as 15^. The lateral angles are also more rounded than in 
typical specimens. The surface is marked by fine transverse strias. 

It will be noticed that the specimens here described do not closely accord 
with the type. The lateral angles are not prominent enough, and the apical 
angle is lower; but they agree with those forms in size and in general appear- 
ance. At any rate, the amount of variation seems insufficient to be ranked as 
specific. One interesting feature of these specimens is the frequency with 
which the shells of different individuals are found loosely inserted in each 
other so that three or four shells are successively sheathed one within the 
other, or they may be inserted side by side in a large individual. Small 
slender shells apparently belonging to HyolitheUus micans also occur in this 
position. Whatever may be the conditions of this sheathing, it does not 
suggest any structural connection between the different shells at the time of 
foBsilization. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cam- 
brian, 200 specimens. 

VOL. XVI. — KG. 2. 8 
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16. Hyolithes Billiiiffsi, Wmloott? 

PUte H. FIff. 80. 

Shell small. The dorsal side flattened; the lateral edges distinct, but nar- 
rowly rounded. The ventral side moderately convex or composed of two 
flattened suifaces meeting along a rounded median line. Shells are often tri- 
angular in cross section and are then distinguished from Hyolithes Ameriecmut 
by the rounded character of the median line on the ventral side, and their 
smaller size. In the specimens figured by Walcott, the dorsal side is slightly 
curved, this concavity being almost filled up again by a low, broad, median 
elevation. This feature has not been detected in the North Attleborough 
specimens. The identification of this form is entirely unsatisfactory, owing 
chiefly to the imperfect material at command. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cam- 
brian, 6 or 7 specimens. Also at St. Simon and Bic Harbor, Canada, and 
Silver Peak, Nevada. 

Id. Hyolithellus mioans, Billings. 

Plate n. Flff. «8. 

Shell very slender, often 22 mm. long, tapering gradually to a pointed ex- 
tremity. Cross-sections are circular, unless disturbed by pressure. The surface 
is marked by fine transverse striae. These striae may be either of approximately 
equal eizo or at more or less regular intervals may have intercalated single 
striae of larger size. The apical angle is 4° or 5°. 

The identification here made Ls based chiefly upon the slender form and cir- 
cular outline of the shell. The operculum has not been found. 

Locality and position. Station No. 1, North Attleborough, Mass., Cam- 
brian, 400 or 500 specimens. Also at Bic and St. Simon, Canada, and 
Troy, N. Y. 

17. Salterella curvatus, sp. n. 

Plate II. Fiff. 22. 

Shell short, curved, rather rapidly tapering. Cross-sections circular. The 
curvature of the shell can usually be referred to one plane, but sometimes it is 
slightly irregular, having what might be called an incipient spiral structure ; 
the apical angle varies from 8° to 12°. The surface is smooth, or ornamented 
by faint, scarcely visible transverse strise, in no manner comparable with the 
much stronger striae of S. pukhellay Billings. 

Locality and position. — Station No. 1, North Attleborough, Mass., Cam- 
brian, 20 specimens. Also at L'Anse an Loup, Labrador, and Point Levis, 
Canada. 
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18. Aristozoe ? 

Plate n. Flff. 18. 

What appean to be a hinge line is quite straight, 4.3 mm. long ; valve 
oblique, the longest diameter from the anterior end of the hinge line to the 
opposite border is 7.6 mm, and lb inclined to the hinge line at an angle of 
about 50*^. A laige tubercle with broad base and almost pointed extremity is 
aituated at a slight distance from the middle of the valve, being closer to the 
posterior extremity of the hinge line than to the opposite parts of the valve. 
Between the tubercle and the hinge line is a depression. A slight depreBsion 
is found between the tubercle and the posterior border of the shell. A strong 
groove borders the tubercle along its anterior border and extends along its side 
in the direction of the longest diameter of the valve. Half-way between the 
tubercle and that part of the border directly opposite to the posterior extremity 
of the hinge line is a ridge which is well defined towards the border by a 
depression. Two low grooves cross this ridge transversely, connecting with the 
groove at the base of the tubercle. The valve is in a fair state of preservation. 
The affinities of this form are very doubtful. 

Locality and position. — Station No. 2. North Attleborough, Mass., Cam- 
brian, one specimen. 

19. Miorodisciis belli-marGrinatus, sp. n. 

Plate n. rig. 19. 

Head semicircular, 4.3 mm. long and 5 mm. broad. The glabella is oblong, 
strongly convex, slightly narrowed in front. It is well defined by a deep, dis- 
tinct groove, which continues around the sides and anterior part of the glabella ; 
it is not connected at the front with the groove which lies along the border of 
the head and within the rim. The marginal groove is deep, broad in front, 
graduaUy growing narrower towards either side ; it gives a high relief to the 
rim. The marginal rim has very nearly the same breadth throughout its 
length ; it is beset with small tubercles, usually sixteen or eighteen in number, 
which lie near the interior margin of the ridge. The tubercles directly in front 
of the glabella are often indistinct or obsolete. The occipital furrow behind 
the glabella is low, and not very distinct. It serves chiefly to bring into greater 
prominence a tubercle on the middle of the occipital ring. This tubercle is 
directed backwards, varies in size, and is often low, and again may become a 
laif^ sharp-pointed tubercle in the form of an incipient nuchal spine. The 
extension of the occipital furrow along the posterior part of the cheeks is very 
deep and marked, giving high relief to the cheeks. The posterior rim is very 
narrow, but sharp and distinct, and the postero-lateral extremities of the head 
have very small acute terminations, without which they would appear some- 
what rounded. The cheeks are connected in front by a narrow, sharply rounded 
ridge, which lies a short distance from the glabella, along its anterior border. 
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The pygidinin is of an oval form, and is about 5 mm. broad and 4.3 mm. 
long. The middle lobe is strongly divided fix)m the side lobes hy gr o oves. It 
is veiy convex, and is also carved antero-poeteriorly, giving the pygidinm a 
strongly convex outline from fix)nt to rear as well as from ride to side. It is 
divided into nine or ten segments ; along the median line is a series of tuber- 
cles, very distinct on the anterior segments, diminishing in sin near the poste- 
rior extremity. The sides show no traces of segmentation. They are connected 
posteriorly by a narrow ridge similar to that connecting the cheeks. The rim 
is sharp and distinct, being well defined by a furrow which lies between it and 
the side lobes. The specimens are usually of the siie above noted, but one al- 
most entire pygidinm found at locality No. 8 must, when perfect^ have been at 
least 8 mm. long. 

Locality and position. — Stations No. 8 and 3, North Attleborougfa| Mass., 
Cambrian, thirty specimens. 

20. Miorodisoua lobatus, HalL 

Plato n. Flff. 18. 

Head minute, 2.2 mm. long. The glabella is cut transversely by two fur- 
rows, giving rise to three lobes, of which the anterior one is considerably laiger 
than the rest. From the occipital ring to the first lobe the glabella grows 
narrower. The first lobe itself is again larger. The occipital groove is also 
well marked and the occipital ring has the effect of another lobe to the gla- 
bella. The grooves separating the glabella fix)m the cheeks are deep and dis- 
tinct. The cheeks are prominent and strongly convex, bordered distinctly by 
the deep continuation of the occipital furrow. Anteriorly the border is rather 
broad, becoming narrower along the sides. A moderate groove defines the in- 
terior of this border anteriorly ; it decreases much in breadth along the sides. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, one specimen. 

21. Paradozides Walootti, sp. n. 

Plsto II. Flff. 19. 

A single specimen was found showing the under side of the integnment which 
covered the he^id, 2.8 mm. long, and 3.8 mm. broad. The cheeks are in posi- 
tion, and the facial suture is barely indicated by a faint line running from the 
anterior extremity of the palpebral lobe forward, bending at first a little out- 
ward, then more rapidly inward near the margin, which it cuts; posterior to 
the palpebral lobe it almost immediately cuts the margin in a slight outward 
curve. The outline of the head forms a curve, which would be semicircular 
were it not for its disproportionate breadth. There are faint indications of a 
spine at the postero-lateral extremities. The glabella is broad in front, the 
posterior half with incurved sides, narrowing to half its anterior width. The 
occipital furrow is distinct, and the occipital ring has a distinct tuberole at 
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the middle. The glabella is marked by three pairs of shallow farrows, with 
perhaps a fourth scarcely discernible pair. The second and third pairs are not 
seen to meet across the median line; but owing to the position of two very low 
and rather indistinct tubercles, one anterior and one posterior to the first or 
posterior pair of furrows along the median line, these furrows seem to meet in a 
curve bending slightly backwards along the middle of the glabella. The palpe- 
bral lobes are large and prominent, beginning a little anterior to the third pair 
of furrows, and curving around to within a very short distance of the exten- 
sion of the occipital furrow across the cheeks. The. curve along the anterior 
border of the head is regular. A shallow groove runs within a short distance 
of the anterior border, gradually becoming deeper and broader and receding 
more from the border on the sides of the head, so that the rim here becomes 
broader. A faintly discernible shallow pit near the anterior extremity of the 
glabella may in this case be only accidental. 

Paradoxidu teneUuB, Billings, is in size like this species, but otherwise 
very distinct. It is interesting to find a Paradoxides in the Olenellus Cam- 
brian, since its occurrence there diminishes the importance of the Paradoxides 
Cambrian as a Paradoxides division. 

Locality and position. — Station No. 2, North Attleborough, Mass., Cam- 
brian, one specimen. 

22. Ptychopsuia muoronatus, sp. n. 

Fbite n. Ftff. 81. 

Qlabella in small specimens very convex, the degree of convexity decreasing 
with the increase of size; general form oval, the anterior part becoming some- 
what narrowed. The occipital furrow is always well defined. There are three 
pairs of glabellar furrows. These vary greatly in distinctness, being as a rule 
less prominent in young individuals and more marked in large specimens. 
The anterior pair is also usually much less distinct than the other two. The 
occipital ring is well rounded, except where interrupted by the nuchal spine, 
which is generally present, but usually small, being a mere terminal tubercle 
directed backwards and often more prominent in young specimens than in 
older individuals. From this are all variations to that of a moderate-sized 
spine. In one specimen, a fragment, the head of which may possibly have 
been 14 mm. long, the spine extended for a distance of 3.2 mm. beyond the 
general outline of the occipital ring, the base being broad, narrowing suddenly 
to a short slender spine. Many large specimens are found in which this nuchal 
spine is not seen. Examination, however, always indicates that in these cases 
the posterior extremity of the occipital ring has been injured, so that the ab- 
sence of a nuchal spine cannot be definitely asserted. They agree perfectly in 
eveiy other respect with the spined forms. Considering that we have positive 
evidence of laige forms with spines, the absence of the same in specimens all 
apparently more or less injured seems to mean little. One specimen 15 mm. 
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long has a process of tho usnal type, namely, a small mucronate tubercle or 
spine at the posterior extremity. The species occasionally attains a length of 
head of 20 mnL The average size is within 10 mm. Anterior to the glabella 
is a groove which separates the anterior border of the head from the glabella 
and the ocular ridges. Within the border is a broad, shallow groove. It is 
of medium size, rounded and curved. The distance between the extremities 
of the border, at the facial suture, is slightly less than the distance between 
the grooves defining the palpebral lobes. In line with the anterior mai^gin 
of the glabella, or slightly behind the same and parallel with the anterior 
border, are the ocular ridges, increasing in prominence with the size of the 
individual, joining laterally the anterior end of the palpebral lobe. The 
groove which moi'e or less distinctly defines the posterior margin of the ocular 
ridge joins the more distinct groove which separates the palpebral lobe from 
the fixed cheeks. The palpebral lobes are obliquely curved, having a postero- 
lateral direction. The fetcia] sutures anterior to the palpebral lobes bend 
slightly outwards to meet the anterior margin of the head. Posteriorly they 
curve towards the side and backwards, cutting the posterior edge within the 
postero-lateral angles. The cheeks are more convex in young specimens; in 
larger individuals they are only moderately curved. The extension of the 
occipital groove over the sides of the he&d is quite deep and distinct. Numer- 
ous specimens of free cheeks show that the postero-lateral extremities of the 
head were quite strongly spined. 

Three specimens have been found preserving most of the segments of the 
thorax, the posterior ones being more or less injured. One of these specimens 
shows thirteen segments, but there may have been fourteen or fifteen in the 
complete individual. The pygidiura, judging from the specimens at hand, 
must have been relatively very small, perhaps about the size of that of 
Ptych<yparia Fiochensis. The pygidiuni has not been found. 

The side lobes of the thorax are moderately broader than the axial lobe. 
The middle lobe is strongly convex, and marked with a median row of mu- 
cronate tubercles, or small spines. These in the individual best preserving 
them were more prominent along the middle segments, being of moderate size 
anteriorly and practically obsolete in the last three or four segments. The 
species, as already noted, is quite variable; but the variations are none of them 
of any marked character, and all are abundantly connected by intermediate 
specimens. It takes the place of the series of species from the Vermont sec- 
tions known as Ptychoparia Adamsi, P. Tevrcer, P. Vulcmius^ and the type of 
fossils in which the border is separated only by a short interval from the gla- 
bella, as figured by Walcott under P. AdarriM (Bulletin U. S. Geol. Survey, 
No. 30, PI. XXVI. fig. 1 c). These specimens would have l)een placed under 
P. trilineatay Emmons, had not such a good observer as Walcott decided, 
from a personal observation of the types, that the species was properly a 
Conocoryphey which our specimens decidedly are not. 

Locality and position. — Stations Nos. 2 and 3, North Attleborough, Mass., 
Cambrian, 300 specimens. 
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28. Ptyohopsuia AttleborensiB, sp. d. 

Plate U. Ftff. 14. 

Head small, often minute; in the largest specimen, 4 mm. long. The usual 
size is about 2.6 mm. The glabella is oblong or slightly attenuate anteriorly. 
The occipital groove is low or indistinct. The occipital ring extends beyond 
the general posterior outline of the head, and apparently forms part of the 
glabella before it. The glabella is sometimes intersected by faint lateral 
grooves, of which there are three pairs, the anterior pair scarcely visible. 
Oftener these grooves are obsolete, and the glabella may, in case the occipital 
groove is very slight, appear as a continuous undivided body as far as the poste- 
rior margin of the head. The glabella is always convex, and considerably ele- 
vated above the general level of cheeks. There is in some specimens a very 
slight trace of an ocular ridge, which runs from the anterior end of the gla- 
bella laterally, and slightly posteriorly, joining a similar slight trace of the 
palpebral lobes. The most marked feature of the fixed cheeks is the existence 
of a depression along their postero-lateral outline. The anterior border is 
proportionately very broad. About the character of the rim little can be said. 
Near the lateral margin of the border, or rather near the facial suture, there are 
sometimes two or three low tubercles visible. There is also in some specimens 
a fiednt trace of a sufficient elevation of the border to indicate an incipient 
mai^nal rim. A careful comparison of these specimens with published figures 
of P. subcoronata, Hall and Whitfield, a specimen of similar size, shows numer- 
ous differences, which are too marked to permit the Attleborough specimens 
to be placed under the same species. 

Locality and position. — Station No. 2, North Attleborough, Mass., 
Cambrian, 20 specimens. 
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Fig. ID. Platgetrat primamiat. Billing* ; e, a tpecimen of normal tjpe. 

Fig. 11. Plairaloaaria {Raphutona) AuUbomuu, ip. n. 

Fig. 12. Paradaxida WalaHli, «p. a. 

Fig. 13. MiicndUcut labatiu, Hall. 

Fig. 14. Flj/choparia AttUboftnii; *p. n. 

Fig. 16. ByJiiha guadrieoitatiu, tp. n. Ventral view ; a lection near It* la^^ 
exlTemitj, and a batal view of tlie Mptum. 

Fig. 16. Bgolilhet AnenmnuM, Blliing* ; ventral view, and crou-iection near it* 
larger extremity'. 

Fig. 17. H^otiAei conmuniM, jit. Emmotui, Ford ; doraal Tiew, with croM-iecUon 
of it* larger extremiir, and iMual view of the ieptum. 

Fig. IB. ATUtoZCit 

Fig- 19. Microditaa b^-maryiiuaut, »p. d. ; a, head ; b, pjgldlum. 
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Fig. 20. Hyolithes BiUingn, Walcott ? three specimens with cross-sections. 

Fig. 21. Ptychoparia mucroncUus, sp. n. ; a, glabella, with very marked terminal 
■pine, smaller type ; 6, glabella, larger type ; c, movable cheek associated with the 
same ; d, specimen preserving thoracic segments. 

Fig. 22. SaUerella curvatus, sp. n. ; two specimens, the lower slightly coiled. 

Fig. 23. Hyolithellia micans, Billings. 

Fig. 24. Not numbered in the plate, a movable cheek, relationship unknown. 

Fig. 25. HyoUthes princeps, Billings ; a, ventral view ; b, sections showing in- 
▼agination of different individual shells of same species ; some of the smaller with 
more circular outlines may also be those of Byotithdim micans^ Billings. 

Fig. 26. Microdttcus speciosus, Ford ; head ; figure introduced as a means of com- 
parison with M, belli-tnarginatus. From Olenellus Cambrian of Troy, N. Y. 
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No. 3. — Specimens of Fossil Plants collected at Golden, Colorado, 
1883, /or the Museum of Comparative Zoology at Cambridge, 
Mass,, examined arid determined hy Leo Lesquereux. 

[Returned to tbe Maseum, July 17, 1881 «J 

CBYPTOQAMOUS PLANTS. 
Lyoopodiaoesd. 

1. SdagindLok Berthoudi, Lx. 2 specimens. 

FilicaoesB. 

2. Sphenopterii Lakedi, Lx. 62 specimens. 

3. Sphenopteris mernbranacea, Lx. 2 specimens. 

4. Hymenoph\fllite8 eonfutm, Lx. 5 specimens. 

5. PterU pieudopenncBformis, Lx. 2 specimens. 

6. Pteris subiimpUx, Lx. 20 specimens. 

7. Pteris erosa, Lx. 1 specimen. 

8. PUrii undulatOf sp. noy. Leaves large, linear-lanceolate, regularly deeply 
nndulate-crenate especially in the upper part; secondaries thin, distant, de- 
clined in joining the rachis, open in passing toward the borders; forking once 
at ba.<«e, sometimes once again near the borders* very distinct. 

Much like P. subsimpUx, Lx., U. S. Geol. Surv. of the Terr., VII. p. 52, PI. 
IV. tig. 5; but with the secondaries thinner and the borders undulate. The 
leaves, about 12 cm. long, 3^ cm. broad, are coriaceous with polished surface. 
The angle of divergence of the veins is more acute, 45° to 50°, and their dis- 
tance 1^ mm. 2 specimens. 

9. Woodwardia laHloba, Lx. 53 specimens. 

10. Gjfmnogramma Haydenii^ Lx. 8 specimens. 

EquisetaoesB. 

11. Phy$agenia, species. Tubercles attached to filaments diverging in rows 
from a central point, composing the ihizoma of some Equiutacecs, Central 
point exactly round, 2 mm. in diameter; tubercles oval, 12 mm. long, 6 mm. 
broad in the middle, strangled to 2 mm. at the point of union, and forming a 
chain of which two of the tubercles are seen in close connection. They are 

* The manoscript of this memoir, as it was deli? ered in 1884, is copied without 
any correction. — Editob. 

VOL. XVI. — HO. 8. 
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deeply izr^gulailj wxinkled lengthwiM, of the same sue and aspect aa thoae of 
P. Poriotom, Heer, FL Tert. Heiy., p. 100, Plate XLH figa. 6 a and IS. A 
laige number of fingmenta of atema axe mixed with the tnberdea diatribatad in 
moat of the qpetdmena. SI apedmena. 

FHANBtiioaAMOtTS FLAMTa 

]palin8B* 

12. OMn omtm OoldikmiiMf Lz. 10 qpecimena. 

13. QeoncmiUi gromttrnfMrn^ tg, nor. Broken or a^[iacated taja of Bafan^ 
varying in width from 6 to 10 mm., marked in the middle by a hsoad naf^ 
the borders thinly regularly striate b^ 10-*16 thia ipeina aoaroely diatinel even 
with a lens. These fragments may bel<«ig to leaves of Cakmopm Demai^ Le^ 
or to a spedes much like it One leaf in a better atate of jneservation haa the 
raya narrowed to a pomt of oonneetion to a broad tliinly lineate iialii%iiBited. 
8 to 6 together, either connate part of their length, or disconnected to the baas^ 
like the fragmenta deacribed above. Thongh the likeneas to Chlamopm Jkmm^ 
figured and deecribed in Trans. Am. PhiL Soe., XIII. p. 411, Plata XIY. 

figs. 1^ is niarked, I have never aeentiie rays divided in aaziowladidisa^ in 
this species^ generally found in small nairow linear aogments^ 7 ■pa^ipena. 

14. GK«mofiM(0f^ apedea undet. 1 ^leeimen* 

15. Pidmoeafpon eommitne^ loL Idipedmena. 

16. Paimoea/rpon Umatmi^ tp. nov. Seeda amall, oval or oUong, <Atom 9$ 
apex, subtruncate at base, regularly tliinly but distinctly striate. 

The seeds 4 moL long, 2^ mm. in diameter, are veiy numerous, apparently 
derived from racemes. 8 specimens. 

17. Palmocarpon truncatum mtttor, Lx. 8 specimens. 

PiperacesB. 

18. Piper Heerii, sp. nov. Leaves subcoriaceous, round or oval, very entire, 
palmately nerved from the base; lateral nerves very curved, the outer follow- 
ing the borders up to the middle of the leaf, the inner aerodrome. 

The fragment, the half of one leaf cut lengthwise or along the medial nerve, 
is, in all its characters, identical with the leaf described by Heer as Piper 
antiquum, Beitr. zum Fobs. F1. v. Sumatra, p. 11, Plate I. fig. 7. As the leaf is 
frtigmentary, the petiole being absent, I cannot well identify it with that of 
the Miocene of Sumatra, though I am unable to see any marked difference. 
The leaf described by Heer is unequilateral and long petioled, and none of 
these characters can be seen from the American fragment. The nerves are 
distinct ; the outer primary follows the borders at a small distance, its branches, 
nearly at right angles, forming, by anastomosing curves, a series of areoles along 
the borders from the middle downward, and the areas are traversed by nervilles 
at right angles. 1 spedmen. 
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AMENTACE^. (APETALE^.) 

BetulcMsesB. 

19. BetuiafaUaXj sp. nov. Leaves rhomboidal-ovate, cuneate to the base and 
narrowed in the same degree from the middle to the apex, penninervate; lower 
pair of secondaries attached to the midrib above the base of the leaves and op- 
posite, the others, 5-6 pairs, parallel, at variable distance, at an acute angle of 
divergence, somewhat carved in passing toward the borders; border distantly 
dentate in the upper part of the leaves, the teeth short and turned up, being 
marked only at the apices of the lateral nerves which are mostly simple, the 
lower ones only with few branches. The species resembles in the form of the 
leaves Betula nigray Linn. The leaves vary from 3^ to 5^ cm. in length; 
from 2| to 3^ cm. in width in the middle. The angle of divergence of the 
nerves is only 30°, and therefore the leaves are only dentate in the upper part, 
at the points entered by the secondaries. 32 specimens. 

80. Betula Schimperi, sp. nov. Leaves small, as broad as long, round or 
subcordate at base; ovate, acute, simply or doubly dentate ; lateral nerves thick, 
5 pairs, the three lower opposite, the lowest more or less branching outside, 
all craspedodrome, as well as the divisions, entering the larger teeth directly 
when simple, and the intermediate short ones by branches; curved in travers- 
ing the areas at a broad angle of divergence. The leaves measure 2 to 3 cm. 
across, both ways, and are deltoid-acute at the apex. The teeth, like the veins, 
are somewhat distant, turned outside, sharply pointed, triangular. The base 
of the medial nerve is pressed into the stone, and thus the leaves appear sub- 
cordate ; but the base is really rounded and abruptly turned down to the ped- 
icel. The surface is rugose by the deep impression of the nerves and ner- 
villes, these being simple or branching in the middle. The relation of the 
species is with Betula angxdata, Goepp., Shoss. Fl., p. 10, Plate III. fig. 3. 
2 specimens. 

21. Betula, Species not determinable. 1 specimen. 

22. Alnus rugoea, sp. nov. Leaves membranous, eUiptical-ovate, narrowed 
to the base, undulate on the borders, pinnately nerved; lateral nerves equi- 
distant, parallel, straight, craspedodrome, with few branches; surface rugose. 
The leaves are about of the same size as those of A. nostratwm^ Ung., as figured, 
Chlor. Protog., Plate XXXIV. fig. 1, and the nervation is of the same type; 
but the leaves are narrowed, not rounded to the base. 2 specimens. 

23. Alnus carpinifoluif sp. nov. Leaves comparatively small, ovate-acute, 
narrowed and abruptly short-decurring to the petiole, entire to the middle, 
denticulate above ; lateral nerves equidistant, the lower pair much branching, 
all parallel, at an acute angle of divergence, craspedodrome. 

The relation of the leaf is with that of Alnus cycladum, Ung., Fl. v. Kumi, 
p. 23, Plate III. fig. 19, differing essentially by the base which is rounded, 
and abruptly turned down to the petiole, The lower lateral nerves are joined 
to the midrib a little above the base of the leaf. 1 specimen. 
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24. Queremffayiingeri^'EiL II Bpectmexw. 

56. Qimemiiirmuneaf Lau The loaf which I refer to thii^peciae is ovil, 
appaienlly deatioulate near the apez, and narrower thaa those Qgvuped in the 
U. 3. Geol. Siirv. of the Tnx., VII., O^ate XIX. figB. €^ 7. It i&i^ therafine 
belong to a diffoKnt af^eeiee. The factes and nerwUioa ace the ^ami^ and ia 
these laat two karea the apper part 18 deatiojed. S^peoiineniL 

S0. Quarem MmmfMtkf LaL II apeokneDa. 

57. QiMiieiciipeiHloHidwHit^tt. I apeeimeik 

28. QuMtm alatdr^olw^ ap. aor. JLaavea aohooriaeeouB, ovalt equally aa»- 
vowod at both end% obtuaely pointed; aeoondaries veiy oblique, diatant^ par- 
allel fioni the baae, cQi^ring in paawing toward the borden, ascending along 
them, nearly simple, passiog upward under the teeth and joiaed to Aem by 
short blanches. 

The teeth are aeate,:tumfld «pwnd, one at the end of each «f the aeeon* 
dasies which are suboppottte inili or 6 pairs ; n^villea thin^ at r%ht anglea to 
the medial nerv% eseept oear -the bordeiai where they turn upward like thin 
teitiaiy •nsrves. The leavea «Ke 5-6 cm. loiig^ 3^ cm. broady the 4ai|^ of 
4iveigenee 30^35^. ^l^^ediMna. 

SSl Qvmem eohiradmmu^ Wj^, <nov« lm:vm anbooriaeeDus, entire* oblong» 
obtaae» roonded «t the base and abruptly decnning in Joiniiag the petiole 
(biokeii) ; eecoodariea 6^ pa^ «t 4m acute «i|gb of divoxgenoe, campto- 
4ioDie, the low«r oMa hnoidiiagy «11 tcooneGted by diatiact thom^^ thin aer- 
yilles and ronning high up along the borders which are parallel in the middle. 
By the size and form of the leaves, 6 to 6 cm. long, 3 to 4 cm. broad in the 
middle where they are somewhat contracted, the species is related to QtLercus 
Oreadum, Sap., Fl. de Cumi, Ann. See. Nat., Plate II. fig. 11. 2 specimens. 

30. QuerctLs fVhitei, sp. nov. Leaves of medium size, membranous, ovate- 
lanceolate, cuneiform to the base, short-petioled, regularly more or less deeply 
dentate; secondaries straight, oblique, equidistant, simple, parallel, each en- 
tering one of the teeth which are gibbous on the back. 

This fine species is closely allied to Q. elymodrys, Massal., Foss. FL, PL 
XXIL, XXIII., fig. 10, 12, especially with the variety described as CasieUinenns 
by Capellini, Form Geasosa, p. 52, Plate V. fig. 1. It is also allied to Q. fur- 
cinervisy Rossm., differing from both by the subdentate or umbonate teeth, 
resembling those of Q, plaUmia^ Heer. The secondaries at an angle of 40^ are 
straight, the upper ones only slightly curved. The teeth, short upon some 
leaves, as long as ^ cm. upon others, are always distant and bossed on the back. 
The leaves average 7 cm. long, and 4 cm. broad in the middle. 6 specimens. 

Salicineae. 

31. Populus Ungeri, Lz. The specimen referred to this species is a frag- 
ment, the lower half of a leaf, apparently round, entire on the bordei's and 
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with the nervation of the species as figured in U. S. QeoL Sorv. of the Terr., 
VII^ Plate XXIV. fig. 5. The size is also the same. In this fragment the 
basilar bolder is abruptly turned downward, and slightly decurreut to the 
petioley as in P. subrotundatOj fig. 8 of the same plate. The petiole is inflated 
below the bolder, as in some species of Ficus. But that is iapparently a result 
of compression. 3 specimens. 

32. Fvpdus monodon, Lx. 1 specimen. 

33. PopuLm mutabilis, Hr. 1 specimen. 

34. Popuius Gaudini^ Heer. A small leaf, ovate in outline, narrowly long- 
acuminate, truncate at base ; pinnately nerved ; nerves thin. 

The leaf is of the same size as that of the species in Heer, Fl. Tert. Helv., 
Plate LXIV. fig. 3. It has also the same form ; except that it is narrowly 
acuminate, like fig. 6 of the same plate and same species. The leaf is 5 cm. 
long, 3^ cm. broad near its base, and abruptly curved to the slender petiole. 
1 specimen. 

35. Populvu Zadiachi, H. 1 specimen. 

36. Popuius arcticoj Heer. The species is represented by a number of speci- 
mens, all small leaves, 2-4 cm. long, crenulate on the borders, more or less 
^[darged transversely, five-nerved from the base, coriaceous. 

Except that the leaves are generally more distinctly crenulate, nothing in 
the chiuncters indicates a difference from those which I have figured in U S. 
Geol. Surv. of the Terr., VII., Plate XXIII. and Plate XLVI., or of those in 
Heer, Fl. Arct., I., Plate IV. fig. 6 a. The nervilles are generally strongly 
marked. 15 specimens. 

37. PopuluB Nebraacerms, Newby. The species is represented by a very large 
number of specimens, some of them with the character indicated by the author 
in ** Illustrations and Notes on the Extinct Flora of North America," p. 62, Plate 
XII. figs. 4, 5, while others are definite varieties, which could be considered as 
species closely allied to P. arctica, P. Zaddachij and P, Kichardsoni of Heer. 
I have separated the varieties by short diagnoses. The true P. Nebrascensis of 
Newberry has the teeth of the borders unequal, always obtuse. It differs from 
P. arctica by the absence of transverse nervilles, and the leaves longer, generally 
ovate-lanceolate, nerved to the base. 145 specimens. 

88. Popultu NebrascetinSj var. grandidentatay Lx. Leaves broader, rounded 
and undulate toward the base ; borders cut from the middle upward in large 
deltoid obtuse gradually longer teeth. Some of the leaves are subtruucate at 
apex with long irregular teeth ; others are rapidly narrowed to an obtuse apex. 
The nervation is the same in the varieties as in the normal form, 3-5 palmate 
from the base, with the inner pair of primary nerves curved inward and ascend- 
ing to near the apexes and the secondary ones at a great distance from the base. 
85 specimens. 

39. P. NebraseennSi var. rotundat<i, Lx. Much like the preceding, differing 
from it by the broader leaves, broadly round and enlarged at the base. The 
teeth are obtuse and large. 48 specimens. 

40. P. Nebrcucenns, var. acuU^4entata, Lx. Leaves oval, narrowed at base* 




48 BDixsnir or thx 

knoKdate abora, gaaenDj pafansto^ bioemd, tarth of tha baadan In^ 
a^oal, abMTplj pcnnted. 13 ipednuiu. 

41. P. NdHtuet MiM , var. bng^Ha, Ia. Leaves Ui;ge, oblong-ovate, rounded 
at baw, five-nerved ; laUnl ^imarj narrea aacending to above ttic middle, 
acaredj curved inside, much toanching ; aeotmdary nerves three or four ptars. 
at a gnat dutance feim the baac^ camplodianiA or craspedodrome, with their 
diviaioui efiiued at the txnden which an eat in obtuBc Urge teeth. The leaves 
an longer, l""-"''"" tzam bdow Uie middle, V^ to II cm. long, 4 to 7 cm. 
Inoad belov the middle ; tha te^ an latge, louitd, equal, marked from near 
the base j tha peticde ia long and alendv. 15 "yminwiy- 

4S. Ft^tibu f Muin trt ata, ap. nor. Leavaa oompanttivielr >bnJ1, mmd w 
ovate^ tnoad^ cnneate cv mmded at base, palmatdj fiTB-nervad ; innat prir 
11U17 Darrea enrving inwaid and — "—^t^ near tha ^ez ; thoaa <d the ao^ 
nda alao enrving and ntimding to the miilillpj aQ camntodioiM^ drfr u }fax 
distinct ; boiden imgolarijr dentate^ the teeth mieqaal and pointed j aatOim 
distinct, oUiQiielT jcuned in t^"* middle. 

The leavea leaemUe thoaa cf a .KeMs,'beiiv, in their froia^ like tboae of fCMf 
(paiwta, Ung., which, hoveve^ haa not diatinot narviUes. THof ban a still 
mon maiked litcniwa to thoaa of Pqnifai lalior- l muttn a, Hmti as tgmed 
by Lodwig in PaleoDt, V., Plate XXTl fig. 3. The petiola ia tfai^ M 



4a PeptAu ennota, Ung., omBdered hj Schimpec ■ -nr. of P. m mta i a ii , 
Heer. Tha leaTes are referable to the apedea as it is figned bj the author, 
FT. of Sotzka, Plate XV. fig. 6, being small, oval, lonnded, and trinerved at 
base, the primary lateral oervee at an acute angle of divei^nce, not much 
curved inwacd, the botden with large unequal teelb, tbe subeluice coriaceous 
and the surface polished. 17 specimens. 

44. PopiUiu atlenuala, Al. Br. 2 specimens. 

Plataneee. 

45 and 46. PJatanw Guilldma, Qoepp., and P. aeeroidtt, Eeer. It is ex- 
tremetjr difficult to separate the species. The description of Heer, Fl, Alask., 
p. 473, merely defines the leaves of P. OvilUlma as undivided or metnly eub- 
lobate, acutely dentate, narrowed into a short petiole; secondary nerves at an 
acute angle of divergence ; and be remarks in the explanation, that tbe leaves 
of Disco which he refers to tbe species are tapering to the petiole, slightly lobed 
or not at all, and have short t£etb. According to this, mo9t of the very numer- 
ous specimens obtained at Golden are referable to P. GuiiUlma. I refer tA 
P. aceroidt those with more open primary lateral nerves and of a more solid 
consistence. Tbe determination is rendered more uncertain by the generally 
fragmentary stal* of the specimens. 76 specimens. 

47. Platamu Raydenii, Newby. A beautiful specimen. No. 608 of the list^ 
appeals referable as a variety to this species. The leaf is oval in outline, tri- 
nerved &om above the decurring base ; the lobes, fiv^ short, obtuse at the apex 
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of the three pximaiy nerves and of the two lower secondary ones which come 
out of the midrib very obliquely, far above the base of the primary nerves or 
neady in the middle of the leaf. The borders of the leaf are obtusely dentate 
between the lobes, the teeth being short, turned outside, separated by flat 
sinuses. The leaf is 9 cm. long, without the petiole, of which only 1 cm. is 
preserved and 5 cm. broad in the middle, cuneiform to the base, decurring 
under the primary nerves, and tapering upward in narrowing about in the 
same degree. This fine leaf is apparently of the same kind as that in Newberry, 
** niostrations," Plate XIII. fig. 1, named PopiUvs nervoMy var. dongaUu It 
is however distinctly trilobate, and referable to FlatantUy on account of the 
decurring base of the leaves under the lateral primary nerves. 16 specimens. 

48. PopiUuB RaynoldHiy Newby. 23 specimens. 

49. PopultLS rhomboidea, Lz. 6 specimens. 

(K). PopultLS, species undeterminable. 7 specimens. 

UrticaceeB. — Ulmacead. 

51. Ulmus quercifolia, Ung., Iconogr., p. 43, Plate XX. fig. 23. The speci- 
men merely di£fers from the European species as figured by Unger in the 
narrower more elongated base of the leaves. The borders are shaiply dentate, 
the lateral nerves distant, oblique, parallel from the base, passing in a curve 
toward the borders, where they become effaced. 1 specimen. 

52. Ulmus anteced^ns, sp. nov. Leaves small, thickish, oblong-lanceolate, 
acute, subcordate and sub^uilateral at base, doubly or triply dentate ; teeth 
short, curved upward ; secondaries thick, parallel, strong and straight, gener- 
ally simple, sometimes forking in the middle, with thick oblique nervilles. 

The leaf has the same character as those of Uhtius crassifdiay of Texas. The 
substance is thick, the size is the same, 4 cm. long, 2 cm. broad in the middle, 
the widest part : the lateral nerves 12 or 13 pairs. 1 specimen. 

Moread. 

53. Ficus (Dombeyopsis) grandifoliaj Ung. Considered by Schimper a syno- 
nym of Ficus tiliafolioy Al. Br., differs by the coarser texture of the leaves and 
the larger size. Of the leaves which represent this species, one, preserved en- 
tire, is 15 cm. long from the base of the petiole, 18 cm. broad in the middle, 
with the base prolonged downward into two auricles, descending 4 cm. lower 
than the base of the medial nerve. 8 specimens. 

54. Ficus tiliafolioy Al. Br. 18 specimens. 

55. Ficus Berthoudiy sp. nov. Leaves thick and coarse, broadly cordate at 
base, ovate-lanceolate, acuminate above, entire, enlarging toward the base and 
rounding to the petiole, descending lower than its top, sometimes auriculate, 
the basilar border in one leaf overlapping the top of the petiole ; primary 
nerves deep and broad ; lower lateral nerves opposite, the upper alternate, all 
very deeply curving toward the borders and following them in a series of 
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fbe (lufMe, (olnged and mmd-ootdate vt f«M^ ddtaid at flia aeilU tpo^ pil- 
mately three- or flve-neired from the top of the petiole; lateral neiree much 
branched; borders crenulate. The leavea, deeply rugose by the impresuon of 
strong nerviUes, are 6 to 7 cm. long, 5 to SI cm. broad below the middle; pri- 
mary nervea 3 or more, generally 6, the lower at a broad angle of divergence, 
following the borders, the isner ascending in a carve somewhat inclined to 
the midrib; secondaries two or three pain at agreat distance from the base. 
The borders, mostly destroyed, are seen crenulate, at the few places where they 
aie preserved. D specimens. 




Lanraoesa. 

66. Lamvi toaaUt, Lz. 6 apeeimena. 

67. Laurtu primigettia, Ung. 4 specimens. 

68. Lanrvs Smidliana, Heer, Fl. Shakal, p. 61, Plate XV. fig. 8. Leaves 
petiokte, coriaceous, obovste, very entire; secondaries camptodrome, dissolved 
in the reticniation. The fragments which 1 refer to this species are not quite 
satisfactory for positive determination, though the outlines of the leaves, their 
size and nervation, fully agree with the description and figures of the author. 
The areolation is peculiar, composed of thin close nervilles, crossing the areas 
at right angles tc the midrib, or obliquely to the lateral nerves, as in some 
species of Pyrut. But one of the leaves preserved nearly entire has the base 
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decuniDg to a short petiole, and is evidently a Lavnu. That leaf is oval, nearlj 
obtuse. 3 specimens. 
69. LaunUf species nndetenninable. 1 specimen. 



QAMOPETALEiB. 

Lonioere®. 

70. Viburnum mar^natumf Lz. 15 specimens. 

71. Viburnum ancepij Lx. 5 specimens. 



OleaoesB. 

72. Fraxinus denticulata ? Heer. A fragment only, the upper part of a small 
oblong oval leaf, with borders slightly denticulate, the lateral nerves mostly 
craspedodrome, entering the teeth. By the form, the size of the leaf, and 
the nervation, the fragment is similar to that described by Heer, Arct. Fl., 
II. p. 118, Plate XLVII. fig. 2. The identity is not positively ascertained. 
1 specimen. 

SapotacesB. 

73. Styrax ambra, Ung. Leaves membranous, broadly ovate, round-trun- 
cate at base and abruptly attenuated to the petiole, entire, pinnately nerved ; 
secondary nerves curved, following the borders, camptodrome, branching at the 
apexes, the lower pair following the borders, joined to the medial nerve at a 
short distance from the base; nervilles transverse, oblique, continuous. 

One of the leaves referred to this species is preserved whole, except the apex, 
and is conformed in all its characters like that figured by Unger, Sillog., III. 
p. 34, Plate XXIV. figs. 19, 20. 2 specimens. 

74. Siyrax Laramiensey sp. nov. Leaf subcoriaceous, smooth on the surface, 
ov.d, very entire, equally narrowed in rounding downward from the middle to 
a short petiole and upward to the point (broken), pinnately nerved; medial 
nerve straight, narrow; secondaries at an acute angle of divergence, a little 
curved in passing to the borders, which they follow in areoles. 

One leaf only 5^ cm. long, 4 cm. broad; the lateral nerves at an angle of 
divergence of 30^. It is related to S. officinale, Linn. 1 specimen* 

POLYPBTALBiB. 

AraIiac68B. 

76. Aralia notcUa, Lx. 2 specimens. 

76. Aralia HercuUi ? Ung. 1 specimen. 

AmpelidesB. 

77. Ciutu tricuspidata, H. 3 specimens. 

78. dssuM primava ? Sap. A fragment, the upper part of one leaf, deltoid 
acuminate, with four pairs of opposite lateral nerves diverging from a thick 
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midrib^ lepresratang, bi shape at htaA, the fignie of that iq^eeiflB in Sq^orta, 
Sezanne FL, Plate XI. fig. 2. The sandstone is ooazae and hud, and no Iniee 
of areolatlon is distingnishable. 1 specimen. 

79. Cisnu pcurotettfoUa, Lx» 6 specimens. 

80. OiiBUi lobckUHsrenata^ Jjx. I sp^dilien. 

81. CiBtut eoryUfoUa^ sp. noy. Leaves thickish» ovate^ blunt at iqpes, aimplj 
or doubly short dentate, strongly pinnatdy nerved ; latoal nerves at an acute 
angle of diveigenoey dose, parallel, scaieely curved in passing to the borden, 
the lowest much branched (m the under side, the upper ones branehing near 
their ends, craspedodrome ; nervilles at right angles to the nerves, simple or 
branched in the middle, deeply impressed. 

The leaves, finely preserved, vaiy in lengtii fitxm 6 to 9| enip and from 4 to 
7i cm. in width, being broadest a little below the middle. They have a degree 
of liK^eness to PwrrotiBk prittiiMf Ett, as figured in Fl> T. Bilin., Plate XXXTX. 
iig. 23b 3 specimens. 

82. Oimui dvplicatth^maiot ^ nov. Leaves of various siae, aubcociaoeoufl^ 
ovate, taper-pointed, rounded at base, palmately three, more geoeiaUy five 
nerved; primary lateral nerves diverging from the midrib at acute anglei^ 
scarcely curving or not at all, entering the teedi which are prdongedinto short 
lobes at a distance bdow the apexes, much branched outside; bordoa doubly 
irr^H^ilariy dentate, the teeth pointed; all the nerves and their diviiioas die- 
tijictly craspedodrome. 

The leaves are referable to Oimu, though tiiey have a depee of affinity with 
some varieties of Populiu Nebraaetfuii, They differ essoitially by the pfimaiy 
lateral nerves not incurved, much branched, all the divisions, craspedodrome, 
the teeth acute, the substance of the leaves thick. 7 specimens. 

83. Cissus spectabilis, Heer, El. Schakal., p. 45, Plate III. fig. 3 b. Leaves 
oblong-ovate, subcordate-emarginate at base, unequally dentate on the borders, 
very entire at and toward the base ; lateral nerves branching. 

The above description is that of Heer, which fully agrees with the characters 
of the leaf which I refer to the species. The leaf is merely smaller; the teeth 
though unequal are not distinct, but mere crenulations, the same as seen in the 
figure of Heer. 1 specimen. 

84. Vitisj species undeterminable. 1 specimen. 

HamamelidesB. 

85. Parrotia fagifoliay Ett. Leaf broadly oval, irregularly undulate on the 
borders; lateral nerves simple, alternate, distant, oblique, running straight to 
the borders as in a leaf of Fagus^ which it resembles. The Iciif has the charac- 
ters of the species, as figured in Fl. v. Bilin., Plate XL. fig. 24, and is positively 
identified. 1 specimen. 

ComesB. 

86. Comus Studeri, Heer. 2 specimens. 
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NyssesB. 

87. Nyssa Europceoj Ung. A fragment of a leaf which by its form, the 
lower part of it especially, its nervation, and the thick curved petiole, is remark- 
ably similar to the figure of that species in Ung. Sillog. PL Foss., III. p. 73, 
Plate XXIII. figs. 6, 7, 10. 1 specimen. 

Maemolia.ce8D. 

88. Magnolia tenuinervisy Lx. 3 specimens. 

NelumbonesB. 

89. Ndumbium Lakesii, Lx. 2 specimens. 

Malvacese. 

90. Fterotpermites grandidentatus, sp. nov. Leaves large, sometimes very 
large, somewhat like leaves of Platanus, palmately sub-tive-nerved ; the outer 
lateral nerves being generally thin and shorter, much divided outside ; lower 
secondary nerves opposite, at a distance from the base; borders sharply dentate, 
the teeth acute, turned upward, entered by the primary nerves and their 
branches, while toward the apex the secondaries curve in festoons along the 
borders, joined to the teeth by small anastomosing branches ; nervilles strong, 
at right angles to the nerves. 

This definition is about the same as that given by Saporta of P. inaquifolixis^ 
Sez. Fl., p. 402, Plate XII. figs. 3-5. One of the leaves of Golden is well pre- 
served, and merely differs from those described by the French author in the lateral 
primary nerves somewhat incurved not quite straight. Two other specimens 
represent merely the base of two leaves with five primary nerves around the 
point of attachment of the petiole and two simillcr ones declining downwanl 
to the cordate base, as in the leaves of Ficus (Dombeyopsis) graiidifolia, Ung. 
3 specimens. 

91. Fterospermites^ species. A mere fragment, the lower half of an oblong ? 
comparatively small leaf, membranous, rounded knd slightly emarginate at the 
base, palmately nerved, with two pairs of more slender nerves under the base 
of the primary ones. The nervation is the same as in P. spectabilis, Heer, 
Arct. Fl., II. p. 480, Plate LIII. figs. 2, 3 ; but the species apparently differs by 
the nerves being more straight and the leaf apparently smaller. 1 specimen. 

TiliacesB. 

92. TUia antiqua ? Newby. Probably the species, though the areolation and 
nervation of one of the leaves are much like that of Greviopsis sidcefolia^ Sap., 
FL Foss. de Sezanne, p. 407, Plate II. fig. 10. There are only two leaves, upon 
the same specimen, and both are fragmentary, the borders being mostly 
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Sqtindaoeee. 

96. jSaptndtM emtdahu, Lx. 1 apecimen. 

CSelastreae- 

97. CeUutrm Qaudini, ap. dot. Leavee membmimiB, mgnloae on tbe anr- 
fiice, large, oval-obloDg or broadly oval, crenate or obtusely aerrate, abruptly 
naiTOwed at base ; secoDdariea alternate, about 6 pMra, mach curred upward 
in passing to the borders and elhced ; tertiary serves and nerriUes obsolete. 

The leaves OJ to 6 cm. long, 4^ to G hrosd, are apparently abtaae, the upper 
part is broken in all the specimens. The species is closely allied to C. Heerii, 
SisiD. Contrib,, p. 449^ Plate XXIX. fig. G. 2 specimeDS. 



DioesB. 

98. Ilex iphetwpiyUa, Ung. Chlor. Prolog., p. 149, Plate L. fig. 9, Leavea 
very small, short- petioled, obovate, cuneate or rounded at base, coriaceous, 
spinose^dentate, pen ni nerved. 

The specimens are very good and the species poaitively identiGed. £ 
specimens. 
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BhamneeB. 

99. Paliurus Zizyphoides, Lx. 2 specimens. 

100. Faliurvs tenuifolitia, Heer. Leaf small, membranous, ovate, acute, 
entire to near the apex, where it is marked with a few acute small teeth ; lat- 
eral nerves parallel to the borders up to near the apex, where they join the 
secondaries by anastomosing branches; secondaries opposite, at a great dis- 
tance from the primaries. 

The leaf has the characters of the species as described and figured by Heer, 
Fl. Tert. Helv., III., Plate CXXII. fig. 31, and by Saporta, Ett., I. p. 122, 
Plate XII. fig. 5. Heer, however, says of the leaves that they are very en- 
tire ; but the upper part of the leaf figured by him, loc. cit.y is destroyed, while 
Saporta describes the leaves as subundulate-denticulate. The one which I 
refer to this species, considering it a mere variety, is preserved nearly entire. 
1 specimen. 

101. PcUiurus Cotoradensiitf sp. nov. Leaf small, obovate, obtuse, denticu- 
late above, triple nerved from above the base, with a single pair of opposite 
secondary veins above the middle of the leaf, parallel to the basilar ones, 
aerodrome and branching outside. 

The top of the leaf is somewhat obliterated ; its nervation is much like that 
of P. ovMeuSy Heer, Fl. Tert. Helv., Plate CXXL figs. 68, 59, Plate CXXII. 
fig. 3. Its size is intermediate between that of figs. 58 and 59. But it greatly 
differs by its obovate form and the position of the intermediate pair of sec- 
ondary nerves, as thick as the primaries and parallel to them. 1 specimen. 

102. Zizyphu fihriUoms, Lx., U. S. Geol. Surv. of the Terr., VII. p. 276, 
Plate LIL figs. 1-6. The specimens of this species are fine, and the petiole 
of one of the leaves is preserved 2 cm. long. The base of the leaves is either 
round, subtmncate, or subcordiform. The largest leaf is nearly 10 cm. long, 
and 7 cm. broad in the middle. 7 specimens. 

103. Zizyj^us hyperboreuK, Heer. The leaf is like that described in U. S. 
Geol. Surv. of the Terr., VII. p. 276, Plate LI. fig. 16, doubtfully referred to 
Heer^s species described from Greenland specimens. The texture of the leaf 
is coarse, the nerves' very prominent ; the nervilles uniting the lateral nerves 
to the borders are at right angles, thick, and the medial nerve has two pairs 
of branches in the upper part. 3 specimens. 

104. Zizyphus, sp. undeterminable. 1 specimen. 

105. Rhammu Goldianus, Lx. 13 specimens. 

106. Rhamnus Clehumi, Lx. 7 specimens. 

107- Bhammus crenattUy sp. nov. Leaf large, ovate-lanceolate, acuminate, 
rounded or subcordate at the base (broken), minutely crenate ; lower lateral 
nerves more open, the upper gradually more oblique, all much curved in pass- 
ing toward the borders, and inclining to the midrib ; the two highest pairs 
aerodrome ; nervilles numerous, close, parallel. 

This fine leaf is 12 cm. long (base and apex broken), 6 cm. broad a little 
above the- base. It has the same form, size and nervation as R. grosse-serratus, 




Heer, FL BoouL, p. Sf^ Plate IV. fig. 10, differing by tbe bardera befiig 
minatd^ erenate md. the ncrvillea less distant. 1 Bpecimen. 

108. ^ammUM netitunit, Heer. 1 epecimeo. 

JuglEinden. 

109. Jvgkmt thammridM, Li. 3 apecimeiu. 

110. Jvgkmt, qtedei nndetermiiied. 1 apecimeu. 

111. Carif(HMtiqiurun,Veyihj. 1 spedtaen. 
lis. Pttnoarya TttMO, sp. nov. Terminal leaflet luge, ovate-t 

tlw Uteial amall, liMMMUang, bluut at apex, rounded -subtruncut« at ba^i 
lateral narvM elow, panlM at a brood angle of diveigcnce, branching ne&r 
thdienda; niifiwe ragoM. 

The leaAeti ue thick, <1wiHwi1^ i^ ommlatc on the recurved borJeis, the 
lateral nerval, fti an angle of 60°, are not more than 5 mm. distant in the 
unall leavee ; deeply marked. It u cloaelf allied to P. Americana, Ls., U, S. 
GeoL Snrr. of the Terr., p. 890, Plate LVIII. %. 3, diifering by the open proi. 
imate iierm. By ila ngoee nu&ce and ita nervation also, the epecies U 
nlated to Jtiglani eomgala, Lndw. PalnmL, VIII., Pbte LXX ligs. 11, 12, 
difiering espedally hy die Imvm htiag blunt or obtuse, not acuminate as in 
the Bniopean ^eoie& ■pecimena. 

FomaoMB. 

113. OraltBffiu beiuk^otia, sp. noT. Leaves anbcorioceoiu, variable in nze, 
oblong lanceolate, or enlarged toward tbe base, pyTamidal-lanceolate abore, 
deeply acutely or obtusely dentate, trinervete from the base, pinnately nerved 
from the middle ; primary and secondary nerves craBpedodrome entering the 
teeth ; lateral primaries with few branches. 

The leaves vary in size from 3( to T cm. long, and from 2^ to nearly 4 cm. 
broad below the middle. All the nerves are deeply marked, the teeth some- 
what long, rather obtuse, either turned outside or upward. 21 specimens. 

114. CraUtgtu myneoidiet, sp. nov. Leaves membrattous, small, ovate-lan- 
ceolate, mere or less deeply dentate, penninervate ; lateral nerves simple or 
forking, oblique and straight to the boidem, or curving indde before entering 
the teeth ; teeth alternately larger, or large and bi-tridendate on the back. 

The two leaves representing tlie species are only S to 3 cm. long, \\ cm. 
broad, fragmentary. They resemble leaves of Betula; but the irr^nlar ner- 
vation is that of Myriea, the two lower pairs of nerves being longer and entei^ 
ing tbe teeth, the tipper shorter, curved, and effaced near the borders, all at 
unequal distance, not parallel. They have eome likeness to the leaves of Cm- 
tttgia (xei/acanlhoidtt, Ooepp., Schoss. FL, Plate XXXVI, fig. I. 2 specimens. 

115. CraUtgut Engelhardli, sp. nov. Leaves of medium and small Bi7.e, 
snbtrilobate or simply ovate, enlatged above tbe base, rounded and abruptly 
dellexed to the petiole ; trinerved at base or pinnately nerved, the lower lateral 
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nerves being opposite, from above the decurring base ; bordeis lobate^ denticu- 
late, the lobes ^ort, denticulate around. 

Species resembling much C, tomentosay Linn., in the form of the leaves, the 
divisions of the borders, the decurring base, and the nervation, differing by the 
leaves being generally less deeply lobed, and the teeth shorter. The leaves 
vary from 7^ to 11 cm. long, 4 to 7^ cm. broad below the middle, the widest 
part. One of the leaves has the petiole or part of it preserved, 4 cm. long. 
4 specimens. 

116. Cratcegtu antiqua, Heer. As far as can be seen, the leaves are referable 
to this species, agreeing with it by the form, size, and nervation. The borders, 
however, are mostly destroyed, and the teeth, apparently obtuse, rather than 
acute as in Beer's species, Fl. Arct., I. p. 125, Plate L. figs. 1, 2. 5 specimens. 

117. Ainalanchier typicOy Lx., var. A simple leaf a little smaller than the 
one figured in U. S. Geol. Surv. of the Terr., VIII., Plate XL. fig. 11, from 
the Green River Qroup, and with the teeth smaller and pointed. I refer it 
to the same species, but it may differ. The nervation is somewhat obscure. 
1 specimen. 

SUMMARY. 

The collection of fossil plants from which the above data have been 
derived was made at Grolden, Colorado, by Mr. A. Lakes, and contains 
873 specimens. The number of fr-agments of vegetable examined for 
determination is 1,044. They represent 118 species, or vegetable forms 
considered as species, 28 of which are admitted as new species and de- 
scribed above, and 32 as new for the Flora of the Laramie Group, but 
known from other localities, making therefore for that Flora an addition 
of 60 species. Of those already known from localities outside of the Lar- 
amie Group, 11 are American (3 from Carbon, 3 from the Green River 
Group, 5 frt>m Evanston), and 21 are European. All are of Tertiary 
age, mostly observed in the Lower Miocene ; two of them are identified 
with Sezanne species or Eocene. 

Of the species described above from Golden, as of those formerly 
known from the Laramie Group, either by the publications of Dr. New- 
berry or of my own, none is identified with any of those of the Middle 
Cretaceous (Cenomanian) or of the Dakota Group. In two only, a 
marked affinity has been recognized and mentioned ; PopultLs elliptica, 
Newby., Later Extinct Flora, lUust., Plate III. figs. 1, 2, which the 
author says has a striking resemblance in general form to that of P. 
euneata, is closely related to F, arctica, Heer, of the Arctic Miocene ; 
and PkUanus primavay Lesqx., U. S. Geol. Surv. of the Terr., VI. p. 69, 
Plate VII. fig. 2, is not less closely allied to Platanus Gutllelmop, or 



p. aeeroidei), Goepp^ two species also abuadautlj distributed Ln the Xer- 
titiy, especially the Miocene of both continents. Aa frum the Upper 
&etac«ous or Senonian measures uo species or fossil plaots have na 
yW been recognized as identical with or even related to any of those of 
the Laramie Group, the assertion that the flora of this last formation is 
Tartiary io its character remaius positive and as yet nnrefuted. 

Indeed, as it can be seen in looking over the table of distribution, 
not only some of the more predominant species of the Flora of the 
I*ramie Group are Miocene in characters ; but some of them are iden- 
tifled with species of the present epoch, or at least closely allied to thorn. 
Woodwardia latUolia, for example, represented in the collection by 53 
^fccimens, is a near relation of Woodieardia Virginifa, Smith, not rare 
in the woody swamps of the Northern United States. £et-ula faHax, 
with 32 specimens, has the same degree of relation to Betula nvfra, 
Litin., the Red Birch. Populai NehroKentis, typically and closely allied 
to P. arctka and P. Jtichanlsoni, two very common species of the Arctic 
Miocene, is represented with its varieties by more than 300 specimens. 
I^atanns Guillelmce, abundant in most of the localities where Miocene 
[bnts have been found, is represented by 70, and the allied species, 
JPtatanm actroidti, P. Maydeaii, P. RaymldUi, by 45, The authority 
of Professor Newberry is still more conclusive on tho subject ; for iu 
deooribing the pUnt« of the Fort Union Group in hia NdIab on the 
Later Extinct Flora of N'orth America, be not only finds most of them 
related to Miooene speoies, but he identifies four of them with oommon 
plants of the present epoch : OnoeUa tmiibilu, CoryUu rottrata, Corj/lvt 
Americana, and Amelanehier nmilit, this last considered as a form of the 
very variable and common Anutanehier Canadetuia, Tor, & Or. 

Formerly, or before the examination of the new 8pe<Mmens sent fi^om 
Golden was made, I did not consider the Flora of the TTnion Group as 
of the same age as that of the Laramie, known as it vas to me by the 
plant remains obtained at Golden, Black Buttes, and Point of Kocks. 
There were between the plants of these localities and those of Fort 
Union and the Yellowstone River, some points of afBnity, marked in 
the profusion of Palm remains, especially Sabat, of which the moat 
common species, S. CampbelHi, Newby., first described fix>ro lai^ speci- 
mens of the Yellowstone, was found equally abundant at Golden and 
the Raton Mountains. There were also a few identical species found at 
Golden and Fort Union : Platantta Haydenii, P. Raynaldni, two species 
of Jufflatu, two of Citnu, and a Carpolithet. But the fades between 
tiie groups appeared difierent, that of the Union Group being strikinglj 
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oonspiouous by the presence of some of the most common species of the 
Miocene, even of some species still living at the present epoch, as seen 
above, which had not been observed at any of the localities of the 
Eastern States where the specimens I had for my first examination 
had been found. These species, Popultis arctica, P. Nebrascensis^ P, 
crenatay FlcUanus GutlUlmce, P, aceroides, Aralia notata or Platanus 
fwbtlisy TUia anttqua, Negundo decurrens, closely allied if not a mere 
variety of Negundo triloba, Carya antiquorumy Amelanchier typica, all 
Miocene species, now found in the collection made at Golden, show an 
intimate relation between the flora of Golden and that of Fort Union, 
which by new discoveries will probably become more apparent between 
the different localities of the Laramie Group, and complete the evidence 
of the unity of the characters of the flora. 

The group of plants described here afford a remarkable evidence of 
the distribution of vegetable remains under peculiar circumstances. 
The specimens were obtained from a locality which has been visited 
many times by members of the U. 8. Geological Surveys of the Terri- 
tories, often by Mr. Lakes himself, and twice by myself. Nevertheless, 
not a single specimen of Populus Nebrasceruis, nor of Platanus Guillelmce, 
had been found there before ; yet in a locality at the same horizon and 
at a very short distance, a few rods only, as far as I know, from the ex- 
cavations formerly made, specimens of these two species and their varie- 
ties have been obtained in such abundance that they constitute nearly 
one half of the collection. This proves that the mode of distribution of 
the vegetable remains results in some cases from the deposition of the 
fragments at the place where the trees have grown, not from transporta- 
tion by water. Though the specimens of Golden are very fragmentary, 
they are generally flat upon the surface of shale apparently composed 
of muddy deposits, seemingly progressing in their formation while the 
leaves were falling from trees grown either around woody swamps or on 
the borders of shallow lakes. 

Recent explorations have brought on the discovery of a large number 
of localities rich in remains of fossil plants, over the whole extent of the 
Great Lignitic. The flora of the Laramie Group, which now counts 
only 250 species, will therefore probably soon become better known, and 
by the greatly increased number of its species will take an important 
place in the history of the ancient vegetation of the earth. 



No. 4. — The FatUts in the Triassic Formation near Meriden, 
Connecticut : A weeUs work in the Harvard Summer School of 

Geology. By William Morris Davis. 

« 

In previous articles od the Triassic formatioD of the Connecticut val- 
ley, I have expressed the opiuiou that faults occurred between the ad- 
jacent trap ridges. The opinion was based on the repetition of similar 
sequences of strata, the evidence of which will now be stated in greater 
fulness, so that it may be easily followed in the field by those who wish 
to examine this interesting region. During much of the work, which 
was undertaken for the United States Geological Survey, I have had 
the assistance of Mr. C. L. Whittle, who is now engaged in preparing 
an account of the results of his microscopic observations on the con- 
tact phenomena of trap and sandstone. After many visits to the region, 
a plan of exploration of the Meriden-New Britain district was laid out in 
1887 for the students of the Harvard Summer School of Geology whom 
I accompanied as teacher, and as it has borne very well the practical 
test of two seasons of field study, it is adopted for presentation here. 
The localities were not discovered by any means in the order here de- 
scribed ; indeed the district was traversed many times before the sys- 
tematic repetition of its oblique block structure was clearly perceived ; 
but when this is once made out, it may be best explained by presenting 
descriptions of its features as daily excursions in a selected order, m 
which they may be most readily appreciated by a new-comer. 

Exoursion 1.— Cross-Section of Lamentation Mountain. 

Meriden serves as a convenient centre for excursions. Its position in 
central Connecticut and in the southern portion of the Triassic area of 
New England is indicated by the black square in Fig. 1. About a mile 
north of the city, (1) on Fig. 2,^ the Meriden, Waterbury, and Connecticut 
River Railroad (Waterbury and Cromwell Railroad on the sketch maps) 
crosses over the Consolidated Road (New York, New Haven, and Hart- 
ford Railroad), and here one may begin the construction of a section 

1 The sketch maps that illostrate this paper are copied from town maps, pab* 
lished in coanty atlases. The roads are approximately correct, but the ledges have 
been located without instrumental measurement. In some cases, the structural 
Ihiet at now drawn may hare to be changed when accurate maps are prepared. 
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crossing the strike to the east, and thus mounting the moDOcliual 
sequence of beds which descend eastward with much uniformity. Cuaae 1 
aiuidstones uud couglomenites outcrop in small ridges with abrupt slopai | 
to the west, aud cuntrol the local topography east of the railroivd, vrhe; 
vetj little drift has beea deposited. The attitude of the beds is toler- 
ably QOUBtant; the strike averages N. 30° E., and dip, 12° or 15° to tha 
east. Low ledges are plentiful over much of the distance, until the 
Merideii-Berlia road is reached, half a mile east of the railroad ; then a 
tiiort asceut up a wooded slope leads to the higher ridge of amygdaloidal 
trap ('2), lying anterior to, i. t., in front of the face of Lamentation 
Uountain. This ridge should bo followed north about oue third of a 
mite, to the fine exposure of its bed of ashes aud volcanic bombs (3),' 
now locally wall known through the efforts of the Meriden Scieutifio 
Association, at whose expense the base of the cliff has been opened by 
blasting, to secure fresh specimens of its remarkable rock. A fine shaly 
sandstone may be seen at a few points at the bottom of the cliff, under- 
lying the ash bed. One of the bombs seams to have embedded itself 
in tlie Bandy mud by the force of its fall, like the examples described 
by Scrope in the recent volcanic region of central France. 

Climbing the cliff and crossing through the woods, on old quarry (4) 
is found at the edge of a pasture that elopes to the east with the dip of 
the beds. The sandstone is seen here, with strike N. 25° E., and dip 
13° to the eut Two dark layers, consisting chiefly of small rounded 
and irregular fragments of trap, were' found here by Mr. Whittle, and a 
few feet lower, the top of the lava sheet is seen in a little ledge Id the 
woods. The lava is Teucular, and the sandstone immediately overlying 
it oont^ns many of its fragments. A blast lately fired bos disclosed 
this fairly well. Going eastward down the pasture, occasional outcropa 
of shaly sandstone (6) are found with normal strike and dip, forming 
Little ridges in the valley between the anterior trap ridge and the msin 
ridge of lamentation Mountain. They also appear oocaaionally in 
benches (6), on the steep western slope of the latter. Percival speaks 
(Geology of Connecticut, p. 36i)) of a bed of impure limestone some- 
where in this valley, but I have not been able to disoover it; in former 
years the thin beds of Triassio limestone were burnt at a number of 
points, but with the improvement in transportation and the bringing <^ 
better lime from elsewhere, this has been given up, and the old limo- 
stone quarries are often covered over aud lost to sight. After making 

■ Thl( Interetting locality wai dlicDrered on an exconion during the ipring 
leceti from coUege work, on April 9, 1887. 
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out the Btractore of the anterior yalley, the observer should return to 
the anterior or amygdaloidal ridge and follow it northward about a third 
of a mile from the ash cliff; here a trap-conglomerate (7) replaces the 
ash and lava bed, and gives additional evidence of the contemporaneous 
extrusive origin of the volcanic rock. Thin beds of sandstone occur in 
the conglomerate, with strike and dip conforming to the general mono- 
cline. Half a mile farther north, the lava again appears and, in its 
northernmost outcrop (8), forms a bluff twenty to thirty feet high in a 
spindle-shaped space between two roads. From this point, one may 
renew the cross-section work by going eastward and climbing over the 
thick bed of lava that forms Lamentation Mountain (9) ; but the result 
is accomplished more easily by following the road, which lies chiefly on 
a drift plain, and passing over the low north end of the mountain on a 
level (10), until Spruce Brook is reached coming from the eastern slope 

• 

of Lamentation and running north. Crossing a field a hundred yards to 
the south, the stream is found emerging from a little rocky channel 
(11), cut in the uppermost part of the Lamentation trap sheet, and run- 
ning down over the sloping beds of sandstone that rest upon it. The 
strata dip and strike in accord with the general monocline. Close to 
the trap they contain numerous vesicular fragments derived from it ; in 
Bome of these, the vesicles may be seen to contain little deposits of 
sandstone. It is an ideal *' locality.** A pool in the vesicular portion 
of the trap, shaded by overhanging trees, tempts one to a bath after a 
dusty walk. A little farther east, a ledge of brown shaly sandstone 
{12) crosses the road, with normal strike and dip ; its outcrop persists 
for some distance north and south at frequent intervals. Half a mile 
yet more to the east, and at the further base of an immense drumlin, 
known as Stow Hill, another small trap ridge (13) is discovered; this 
may be called the posterior ridge, following PercivaPs nomenclature. 
The points thus far described furnish about as much work as one may 
care to do on foot in a summer day. 

Returning along the eastern side of Lamentation, the posterior ridge 
may be followed southward with little interruption to its end, just be- 
yond the Cromwell railroad. Where the railroad crosses it, a small but 
valuable contact of the lava is exposed with the overlying sandstone, 
which here contains an abundance of trap fragments for three or four 
feet over the back of the trap sheet, clearly indicating the extrusive 
origin of the sheet The vesicles in some of these fragments are more 
or less completely filled with sand, and under the glass the bedding of 
these little deposits is seen to conform closely with the stratification of 
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ExouTsion £ 



-Croes-Seotion of Shuttle Meadow. 



In order to meBSore the thickneas of the imderlying beds or to deter- 
mine their sequeDoe, & seoond ezounion may be mads to some pnnt fkr- 
tber weat, — as by nil from Meiiden to New Britain, and then on foot 
or wheeb to Shuttle Meadow reservoir, three miles to the southwest. 
From the vallej south of the reservoir, the ground ri«ng to the east 
leads over several outcropa of brown and red sand; shales (1, Fig. 3), 
with strike N. 30° E., and dip 10° eastward, before readiing the hold 
western face of the High Rock trap ridge (2). If one should olimb 
over this ragged ridge and descend across the meadow at its eaatem 
foot, a small trap ridge would be found (11), trending paraUel to the 
main ridge, hot much concealed b; drift. No shale or sandstone is seen 
aooompanying it, and so small an observation is hardly worth the ttma 
it will coat Betuming now westward to the valley south of the reser- 
voir and ascending its western slope, the enclosing ridge is found to oon- 
sist of amygdaloidal trap (3), with a bold cliff, trending N. 10° £., and 
facing westward over the Southington valley-plain. A mile to the Bouth, 
a bed of impure Umeatone is exposed in a quarry on the baok d the trap:. 
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Below the cliffy a few outcrops of sandstone or conglomerate maj be 
found. These data for a cross-section are less complete than those col- 
lected on the previous day, but they suffice for a rough diagram added 
in the margin of Fig. 3. 

On the supposition that the whole valley consists of an unbroken 
monocline, the two sections now constructed can be placed in their 
proper relative positions by means of a map, which would result in show- 
ing that the second belongs about four and a half miles westward across 
the strike from the first, and therefore its beds stand about five thou- 
sand feet below those of Lamentation. But, if not already noticed, 
attention will soon be called to the similarity between the two sections; 
and the question then arises, how can this be best explained. It may 
be the result of similar processes repeated in a given order, whereby 
similar sequences of beds were deposited at different times ; or it may 
be the result of one or more strike-faults, by which portions of a single 
sequence of beds are brought to the surface in dififerent places. It re* 
mains to decide between these two alternatives. 

A general consideration of the problem will make it evident that the 
explanation by repetition of similar processes becomes less likely, and 
that the explanation by faulting becomes more likely, with the increase 
in the number of beds in the repeated series ; with the lack of genetic 
relation among the members of the repeated series ; and with the in- 
crease in the number of times that such repetitions occur. It should 
also be noted that the two explanations are not mutually inconsistent ; 
both might apply in a single field. 

The drift covers so much of the surface that detailed sections cannot 
be constructed. The stratified beds are, on the whole, so much alike, 
that the precise identification of equivalent beds by agreement in com- 
position is impossible. While it may yet be found that fossils will serve 
as a guide to the recurrence of repeated outcrops, this means of identifi- 
oation cannot at the present time be applied in the region we are exam- 
ining. All that can be done is to make the best of imperfect evidence. 

We may first examine the argument based on the number of members 
in the repeated series. The completed sequence of visible bods is : con- 
glomerate and sandstone ; trap of moderate thickness ; thin limestone ; 
shaly sandstone ; heavy sheet of trap ; more shaly sandstone ; a thin- 
ner sheet of trap ; and, finally, m6re sandstone. It may be conceivable 
that this sequence of beds was independently made at two different 
times ; but it is not at all likely that so considerable an agreement 
should be the result of the accidental repetition of a sequence of deposits. 
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The second argument is based on the arbitrariness of sacceSHioD or 
lack of reUtion tietween the different members of the series. Here tba 
interpolation of coutemporanoous lava Sows at certain points in the 
Beries ia eignilicant ; for as far as is known they bear no necessary rela- 
tion in the time of eitrusion to the deposit of conglumorate, saodslaue, 
shale, or limestone. Professor Einereon has, it is true, regarded some 
of the limestones that oocur assuciatod with the trap sheets in Mass*- 
ohusetts as the product of thermal springs timt were ©icited by the 
eruption of the trap. I cannot say anything as to the cause of the linio- 
Btono deposit in Couuecticut, but whether connected causally witli the 
eruption or not, the aaaoeiatioo of limestone and trap is by uo meaua 
invariable ; tho limestone occurs ouly, aa far as known, on the back of 
the first trap sheet, and this in itself is enough tx> make one lean toward 
the explanation by faults. If all the beds were seiiimeutary, and their 
Buucesaion were of the normal kind described by Professor Newberry in 
his essay on "Circles of Deposition," the repetitions might perhaps Iw 
explained without faulting; but it has been seen that such is by no nicaos 
the cose. Before proceeding to the third argument, it may be noted that 
the explanation thus far given does not depend altogether on the coutein- 
poraneouB extrusive origin of tho trap ; it in important to note this, for 
while extnision has been well proved for the fintt or Lamentation section by 
observaliouR on ihe previous dnv's excursion, it is not, yet directly proved 
fbr the High Rook section, although as will appear in the sequel there 
can be little doubt that all the sheets of the distriot are extmsive. But 
if intrusive, it is difficult to conceive that intrusiTe sheets should hara 
taken their places among the bedded rooks as systematically as these 
Meriden sheets have, tmleas they had been driven in between the beds 
before the; were tilted, and then faulted aflerwards. Therefore, whether 
the trap is intrusive or extruwve, the evidence thus far collected favors 
the hypothesis of faults, and of the eruption of the trap before faultiug. 

The third ailment by which decision is to be made between repeti- 
tion by faults and by recurrent processes, depends on the number of timet 
the repetition occurs. If the two sections now described are the only 
ones in the valley thus repeated, they might possibly be regarded as the 
results of recurrent processes ; but if similar seotiona occur frequently 
or habitually, with no more change in the corresponding members than 
should be expected in different parts of beds of lava, sandstone, oou- 
glomerate, and shale, then there can be no question that the repetition 
is due to fanlting. It may be noted also that if faults are found in 
some number and in systematic relation and accord, they may be ao- 
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oe|>ted as proTod on less complete evideDce than would be reasonably 
required to establish the existence of a single isolated fracture. In like 
manner, if the hypothesis of the occurrence of faults enables one to 
correlate a great number of otherwise apparently disconnected and 
arbitrary fieicts, it is therefore to be regarded &vorably. Finally, if it 
lead to the detection of facts not before noticed, and thus gives the 
power of prophecy, it can be considered as fully established. 

One who goes on the ground as far as this narrative has now led him, 
will, I think, find it already difficult not to lean too strongly towards 
closing the question in favor of one of the suggested explanations instead 
of maintaining an open mind in the question. As a working hypothesis, 
let the faults be admitted, and a simple terminology adopted in accord- 
ance with the explanation that they ofifer. Let the mass between two 
faults be called a block ; or, if small, a chip. Let the thick sheet of 
trap be called the main sheet, and the others, the anterior and posterior 
respectively, in accordance with their position relative to the main sheet 
Certain deductive considerations also need attention before going farther 
in the field ; in our school excursions, these were briefly discussed on 
the ridge south of the reservoir, overlooking the Southington plain, 
daring the noon rest of the second day. 

First, if faults are suspected, what must be learned about them before 
they are completely known % The elements of a fault are : its outcrop 
line, its direction, position, and length ; the hade of the fault plane ; the 
throw of the fault ; and the width and other characteristics of the fissure. 
Its depth, its date, and its cause are also subjects for more advanced 
inquiry. With all these elements in mind as subjects for search, one is 
more alert to discover them. 

Second, if faults do occur, how can they be best recognized 1 Some 
easily identified bed is the first requirement, such as the main sheet of 
trap, which forms prominent ridges in the broad valley between slopes 
of crystalline rocks east and west, and can be easily seen from a distance. 
But, besides this, it is important to have also a number of thin hard 
beds whose lines of outcrops are more sharply defined than those of the 
broad main sheet, in order to determine the position of the fault with ac- 
curacy. The anterior and posterior trap sheets serve this purpose nicely. 

Third, if the faults occur, what will be their effect on the topography 
of a well-denuded monoclinal mass, coDtaining hard and soft beds ] For 
the sake of simplicity, the case of a single hard bed reduced nearly to 
baselevel may be taken alone, and the dip of the monoclinal regarded 
constant; the fault plane will for the time be considered vertical. 



Variations &otii tbeae Birople conditions can be eftsily introduced aftef- 
wards. Several cases may be diatingntabed, depending oq the relative 
directions of the fault and the strike of the beds. 

A. If the fault. (/, Fig. 4) run parallel to the strike of the mono- 
cline, and its outcrop lie behind a ridge, a, made by the hard bed, and 
the hea\^ h, is on the side of the dip, d, then the hard bed will be 
indefinitely repeated in a second ridge, b, parallel to the first. 1'he 
distance between the two ridge lines may lie called the ofiset, ' ; then 
t = h cotan. d. The fault may lie anywhere between the two ridges. 
Such a fai'ilt eoonomiEes a formation in allowing a given tbickneas to 
cover a great width of country. 

B. If the heave is on the side of the aecent of the monocline, some of 
the beds will fail to appear at the surface. This ia, in contrast to the 
preceding, a vastefnl arrangement. 

C. If the fault, with heave of the same value and on the same side of 
the fracture as in A, run oblique to the strike with an angle e between 
the two lines, Fig. 5, the offset remains as before, but the two ridges 
Kre not indefinitely repeated ; the north end "f It overlaps the south end 
of d, and the overlap p equals ( cotan. e, or h cotan. d cotan. «. 

D. If the fault run square with the ridge, Fig. 6, there will be an 
ofiset as before, but no overlap. 

K fftiie besvebeontheothwifidettf th«(in]lt,0tiiriag:l«H-tbft&V(F*; 
Hg. 7, there will BtUl be an offset oa before but in Uie oppoaite direotioB, 
•nd instead ofan overlap there will be a space in which there is no ridge. 

AU these are special oases, easily generali»d. If the values of dip, 
heave, and angle between strike of beds and fbult-ltne are represented u 
in C, the formula there given will apply to all cases; a negative heave 
meaning & change in the nde of the upUft, and a negative oEQwt mean- 
ing ft loss of visible ontcrop, aa in case B. 

To the atndent, at least, there is here seen good reason fhr the ety^ 
mological oonneotion of geometry and geology. In the geometrical 
conceptions, the angles are to be seen all sharp and precise ; in the 
geolo^oal ooonrrence they are rounded off and obscured. 

Thus prepared by a deductive review of principles that have been 
learned elsewhere and that may find apphcation here, further explora- 
tion can be most profitably undertaken. 

A little north of the point where the anterior ridge of High Kock was 
crossed in the morning, it &lls off and ends in low ground at the south- 
ern point of the reservoir (4) ; but a little way to the west another and 
very similar trap ridge (5) begins, with offset of a little more than a 
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quarter of a mile, and overlap of almost as much allowance, being made 
for the missing acute southern point of the western ridge, which is here 
rounded off. This suggests a fault of the pattern given in case C. 
Knowing the dip of the anterior trap sheet to be about 10^, the strike 
of the fault must be east-northeast ; and its heave, 300 feet or more on 
the southeast The surrounding topography is very suggestive of such 
a dislocation ; a view of the oblique gap formed in the ridge as seen 
when looking southwest from a hill (6) on the west side of the reservoir 
is given in Fig. 8. 

If the fault extend and maintain its displacement a mile or more to 
the northeast, it must intersect and dislocate the main trap sheet in the 
same manner as it has broken the anterior. Looking along the calcu- 
lated trend of the fault from the north end of the anterior, we see the 
gap (7) by which we have come from New Britain, between the north 
end of High Bock and the high trap ridge (8) next northwest of it, to 
which no special name is attached. The outlet of the reservoir valley 
runs through this gap. Assuming that the fault is straight, we have 
now a better means of determining its direction by sighting the long 
line from one gap to the other; the bearing thus found is N. 60** 
£., which agrees satisfactorily with that determined by the offset and 
overlap of the anterior ridge. In further con6rmation of the fault, an 
afternoon return trip may be made from the thrown portion of the an- 
terior trap ridge, after following it northward half a mile (9), across the 
strike of the beds toward the thrown portion of the main sheet (8) ; 
and in so doing, the few shale outcrops that appear are in such close 
accord with those seen in the morning in corresponding position in the 
High Eock block that they may be regarded as equivalent beds. Stand- 
ing on the high ground (10), west of the reservoir, and looking back 
across the fault valley, the correspondence between the two monoclinal 
blocks is very apparent, in topography as well as in structure. Rapid 
advance may now be made on the foundation thus laid. 

Exoursion 3. — The Great Fault West of Lamentation 

Mountain. 

A third day may be spent looking for the fault that is supposed to 
separate Lamentation Mountain from High Rock. It must lie some- 
where in the country between them. The search may best begin at the 
point where the cross-section was taken up on the first morning ; but 
now exploration should be turned westward, descending in the mono- 
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clinal series. A little preparatory conaideration of the area! topography 1 
of several blocks, Fig. 9, bounded by faults similar to tbe one i 
reservoir valley, will be of service. Euch block, conatstiug of a : 
olina] sequence of harder nad softer beds, suuh as baa already bean> I 
described ns the result of the first day's walk, will possess its antcrim'f i 
main, and posterior trap ridges, with several intermediate and naHociatfld I 
ridges and valleys of sandstone and shale, in delinitc order. The ridgH 1 
formed on the successive beds will end without apparent cause on t 
oblique fault lines that bound the blocks. If a block be narrow, » 
quarter to a half a mile wide, for example, the posterior trap ridge will 
havo its south end to the north of the north end of the anterior ridge. 
At first sight, these two members of the block- sequence would not seem 
to belong to^ietber. Continuity in the monocline can therefore ba \ 
found only by crossing the country within the limits of a single blocks i 
and advancing parallel to its enclosing faults. A cross-section made a 
right angles to tbe strike of the beds would soon traverse a fault lioa^ I 
and would only confuse the observer. This principle is all-important ii 
deciphering the topography and structure of tbe r^ion. Reference ta | 
Fig. 2 will show that the section there made was traced out obllquelf / 
for this reason, although no mention of it was mode at the time. 

The fact that there has been a long period (probably Juraesio aoA | 
Cretaceous) of deep-reaching erosion after the faulting took place^ 
foulitatea our exploration by reducing the oonstruotional form nearly 
to ft basalevel plain, still pereaptible in tbe hard orjrstalline plateau east 
and west of the TriaaBio area ; but the task would bs still easier if thia 
great erosion bad not been followed by a period of uplift and consequent 
denudation (poet-^retaoeous), in which the softer beds have wasted down 
well towards a lower baselerel surface where they are now generally 
drift covered, leaving only the orest lines of the thickest and hardest 
trap sheets to bear witness to the existence of the previous bosdevel of 
the region. When a ridge formed by the main sheet is cut by a &ult, 
the crest of the ridge gradually descends as it approaches the fiault, 
and tbe two lines intersect on low ground. The crest line curves gently 
at the northern side of a block, and sharply at the southern, as in Fig. 9 ; 
hence the strong blu& at tbe south end of the ridges in the neighbor^ 
bood of Ueriden. On 6rst recognising the existence of faults here, the 
observer may be disposed to postulate a horitontat motion along the 
fault line, in order to aooonnt for the offset of the corresponding ridges ; 
but there is no necessity of this ; a vertical uplift followed by a base 
levelling will serve as well, as has been indicated in the diagrams above. 
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Now returning to our excursion in search of the fault west of Lamen- 
tation and going west from the crossing of the Cromwell railroad over 
the (Consolidated Hoad, Fig. 2, we pass two conglomerate ridges, and then 
find a strong hlufif of trap (14), deeply quarried at its southern end. 
It is the easternmost and lowest of the bluffs that constitute the Hanging 
Hills. If it be a portion of the main sheet, then the fault may be in 
the little hollow occupied by the quarry branch track (15) of the Con- 
solidated Road, and the trend of the fault would in this case be in the 
line from the south end of the quarry ridge to the north end of Lamen- 
tation Mountain, or N. 55° E., and all the conglomerate ridges and the 
anterior trap ridge of the first day's section must end as they run north 
to this line. I have seldom found a more pleasing confirmation of a 
theory in a predicted result than was afforded in tracing out this fault. 
Every little ridge, trending about N. 30° K, nms with well maintained 
continuity until it reaches the invisible fracture, and then, without ap- 
parent reason, it promptly ends (16). The farther east the ridge, the 
fiuther north it extends. The anterior trap ridge obediently follows the 
same rule (8), and so does the little outcrop of shale (5), in the valley 
between the anterior and the main sheets. Lamentation Mountain itself 
falls away for no apparent reason ; its trap sheet seems to be as thick 
here as anywhere, but it cannot cross the invisible line of dislocation. 
Spruce brook. Rowing north from locality (11) of the first day's walk, 
runs on shales for a quarter of a mile after crosshig under the road, and 
then cuts down to the back of the trap for a little distance (17); the 
shales soon reappear, but with abnormal dip to the northwest, and 
finally end in a violently dislocated and crushed ledge (18). This is 
undoubtedly close to the fault line. A short quarter of a mile farther 
on, the course of the fault leads to a curious anticlinal, mentioned by 
Percival, which like the last finds explanation by the drag of the fault. 
Departures from the general eastward dip of the monocline are rare, and 
it is interesting to see that they are associated with one another and 
with other phenomena as the common results of a single controlling 
cause. Some isolated knolls of trap near by may possibly be blocks 
caught in the fault, but this is questionable. 

The fitult line from the quarry bluff northeastward is thus found to 
maintain a tolerably direct course as far as it has been traced, and it 
follows much the same course as the one discovered in Shuttle Meadow. 
We may therefore expect it to be prolonged to the southwest also. In 
walking in this direction from (15), Fig. 2, there is nothing decisive for 
a mile or so, unless a valley followed by the Cromwell railroad oblique 



to tbe strike of the sandstonea be bo considered ; the valley broadens 
^ther soiithw&rd beyoud Meriden, and is bounded on the western eida 
by a strong ascent. On the fae« of this hill, not far north of tbe proba- 
bly post^lHcial trench that the Quinnipiao has cut through it from the 
vest, there are numerous outcrops of reddish shaly sandstone with strike 
N. 70° £., and dip 15" uorthwsatward into the hill, and thus accouotui^; 
for ita steep eastern slope ; but the westward dip itaelf is very unusual 
in the Triiiesio area, and aiiggeats some local diBturbanoe. Standing on 
the bill and facing about N, 50° E., one may look in the direction of 
tbe quarry bluff by Meriden, and in the distfmce beyond it see the de- 
Boending northern end of Lamentation, showing that the hillside is in 
line with the tautt already traced. Just south of the. Quinnipiac, there 
are plentiful outcrops; the beds are about level near tbe bridge, but 
&rtber east steepen to a dip of 25" northwestward, beyond which th« 
outcrops suddenly end. This conGrms the occurrence of tbe fault. As 
its heave is on the east and of a value of several thousand feet, It is 
natural enough to find the beds immediately west of it somewhat flciod 
upward from the attitude that prevails generally in the monocliue. 
Their abnormal dip is satisfactorily explained by associating it with this 
foult, na in the stream bed northeast of Lamentation, already men* 
tiouaL' Still farther to the southwest, tbe bill is so broadly Do\-ered 

1 Hie upward drag on this great faalt, bj which tbe dip of tiia bedi on its west 
era side ii here roTersed from id etutward to a weitward directiiMi, ii homologous 
with the drag that has flexed the poiterior iheet (PercirBl'i F 2, El) of Pond 
Honntain, the Mnlberamoat member of the main trap sheet, Mst of New Haven. 
Thii block la out oB b]' the heav; faalt that limits the pKMDl area of the Trisarie 
rocki oe die loatheait, and brings ap the cryrtaUine base of the formatiaa sgnnat 
them ; the drng hii in oae small localitj even OTertamed lome of the bedi, so that 
the congiomerstei that hen belong beneslh the poiterior sheet leem m lie over it 
at a steep eastward angle. That they are really overinmed and nermsily belong 
below the trap is shown, Snt, bj the occomnce In the quarry near by to the Borib 
of much larger oatcrop* of timllar conglomerate, dipping weitwsrd under UietiKp; 
second, by the denie lextare uf the trap tiwt apparently underliei the overttmed 
beds, thi» denie texture being elsewhere characteristic of the base of the trap ihee^ 
and in strong contragt with the loose vesiculsr texture of the upper surface of the 
sheet ; tliird, by tbe absence of all trap ftagments In the OTertnrned conglomerate, 
while they sre plentiful In the ihnly conglomerate with wettward dtp that overlies 
the trap in an exposare by a pond an eighth of a mile northeast; fonrtfa, by th« 
general abrupt esiteni face and gentler weatern slope of the ttap ridge, which 
■hows that its prevaleaC dip must be westward, and that the eastern dip of the 
conglomerate is local and exceptional. Search has been made for cross-bedding in 
tbe conglomerate, by which its upper and lower *nrf ace could be so nicely delsctad', 
bat it could not be foaad. 
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with drift that no further sign of the fkult has been foand there ; there 
are, however, indications that it is extended a number of miles beyond, 
even to the intrusive sheet of West Rock and Gajlord's Mountain. Be 
this as it may, there can remain no more doubt as to the existence of a 
fractiu^ between the Lamentation and the Hanging Hill blocks. This 
firacture we shall call the *' Great Fault." 

Ezoursion 4. — Faiilts south of Lamentation Mountain. 

It was noted above that the occurrence of a number of faults systema- 
tically arranged might be taken as further evidence in favor of the &ult 
theory as against the theory of repeated deposits. A fourth day may there- 
fore be spent in searching for them. The first guide in the search will 
be, as has already been suggested, the gaps in the line of the main trap 
ridges. One of these gaps appears at the southern end of Lamentation, 
dividing it firom Chauncy Peak. If a fault run between them, it must 
dislocate the anterior ridge also. Walk, therefore, to a point (1) Fig. 9' 
on the anterior ridge of Lamentation, a little south of the ash-bed that 
was visited on the first excursion. To the north, we know the ridge is 
continuous as &r as the Great Fault. To the south, a short walk brings 
US to a little notch by which a small stream escapes from the anterior 
valley, and beyond which the ridge is continued in the same line as be- 
fore ; the notch must therefore be regarded as a simple transverse water- 
cut. But on following the ridge a little farther, it ends (2) on the 
northern side of an open meadow, and crossing here to the south noth- 
ing but conglomerate (3) is found, and with such strike as would if pro- 
longed northward carry it directly to the trap. The fault between Lam- 
entation and Chauncy may therefore probably pass by the southern 
end of the anterior thus determined. A bearing taken from the south- 
ernmost point of the anterior trap to the gap (8) at the south end of 
Lamentation reads N. 60° £., and this is within a few degrees the same 
as the bearing of the faults already described. As a further test of 
the occurrence of a fault here, the northern end of the anterior to the 
Chauncy Peak block should be found somewhat to the north of the 
aoQthem point of the anterior to Lamentation. It is found (4), pre- 
cisely as predicted, lying at appropriate distance in front of Chauncy 
Peak, containing an ash-bed with bombs of lava (5) like those already 
described in the anterior of the Lamentation block ; and it ends directly 
under the southern bluflf of the main sheet (6) in the northern block. 
A few shale outcrops are found on its back, and others appear on 



the bold weBtern slope of Chauncy Poak. The fault has an offset of 
about 1500 Suet and an overlap of Hiaukr value; its heave must be 
about 300 feet. Although of smaller displucoweat than the Great Fnult, 
it manifestly belon^'s to the same syat^m and contributes effectively to 
the rational explanation of the Triassiu structure and topography. It 
probably determines the location of a ravine (T) southwest uf the Berlin 
road towanis Meriden, but I have not beeu able to follow it beyond the 
city, OS outcrops are few and mouotoaoiis in thjit direction. On the 
Other side of Lamentation Mciunt.tiu, if there were time to go there, it 
probably causes a slight dislocation (9) iu the posterior trap ridge ; the 
diaplacemeut is so small that in speaking of this part of the posterior 
ridge when describing the last stretch of the first day's walk, the ridge 
was referred to as traocable vith little interruption. If this identitiaition 
is correct, it is probable that the throw of the fault decreases to the 
iiorCbeaat, and that its lino is somewhat curved, as indicated in the figure. 
The wide valley between tlhauney Peak and the north end of Higby, 
or Middletown Mountain, through which the return to Meriden was 
made on the first day, suggests a fault with throw of value intermo* 
diate between that of the Great FnuU and the one just described. Its 
examination may be conveniently begun by following the autorior of 
Cbaunoy Peak southward to its vague ending (10) near the Cromwell 
railroad. This termination must be near the southeast side of Clminicy 
Peak blook. A wide swamp, in which the engineers of the Cromwell 
railroad found much difficulty in making a steady roadbed, conceals all 
outcrops for some distance, but by following the track for half a mile 
east from the end of the anterior, and then, at a point opposite the 
southern end of Channcy Peak (11), crossing a little field to the aoutti, 
several ridges of conglomerate (12) will be found in the woods; they 
strike N. 35° £. and their beds dip about 10°, and after crossing four 
OT five such outcrops, a low trap ridge (13) is found ; it is soon identi- 
fied as yet another appearance of the anterior sheet, for it stands in 
proper position with regard to the main sheet, which rises in the hi^ 
mountain to the east ; it is very scoriaoeoua on the back, where it is 
followed by a road ; and at a few places it shows tbe ash and bomb 
structure that haa already in two other blocks been foimd to characterise 
the anterior trap. It must be followed north to its end (14), which is 
indistinctly located shortly before reaching the Meriden- Westfi eld road. 
Sighting back from hero, we find a bearing of about S, 65" W. will carry 
the fault line back to the southern point of the Chaunoy Peak anterior; 
the accordance vith previous measures is satisfactoiy enough. But, in 
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detennining the coarse of a fault, care must be taken to select as guides 
at least three points, which lie alternately on opposite sides of the frac- 
ture. It is evident that an error may result from trusting too implicitly 
to the apparent termination of a ridge, for the real termination may 
be covered ; but if three ridges, of which the first and third are on one 
side of the fault and the second is on the other, all terminate on the 
same straight line, the presumption is very strong that they indicate 
a straight fault and that the indication may be trusted. The case 
in hand therefore needs additional ridge-endings before the fault line 
can be established. The south end of Chauncy Peak (11) and of 
its posterior (15) and the high north end of Higby Mountain (16) 
serve abundantly for this purpose. The southern end (15) of the ridge 
posterior to Lamentation and Chauncy is found a little south of the rail- 
road cut to the east of Highland station, mentioned on the first day's 
walk as affording a good exposure of the sandstone overlying the lava. 
The ridge ends in a little knoll back of a farm house and bam, north of 
the Meriden-Westfield road. In sighting backward from this knoll, the 
course of the fault is seen to be curved, and if the middle of the meadow 
between this point and the north end of Higby be taken as the location 
of the fault, its curvature is greater still ; but this is hardly more than 
might be expected : a straight line fault is too rigid to be natural. On 
continuing the walk to the northeast, a reverse curvature of the fault line 
is required, in order to leave the long descending ridge (17) of Higby 
Mountain on its eastern side. The northernmost low end of Higby is 
found at High Falls (18), where the trap suddenly ends. The little 
gorge opened by Falls Brook discloses much breccia in fractures running 
northeasterly, and evidently associated with the strong fault close by. 
No other outcrops appear for some distance, but a cut on the Cromwell 
railroad, just west of Westfield station and about a mile and a half north- 
east of High Falls, reveals strong disturbance in the dip of the shales 
there exposed, as well as two faults of indeterminate throw. It is likely 
that these dislocations are associated with the fault that we have been 
tracing. It is interesting to notice that the course of the fault thus 
traced curves somewhat in the neighborhood of the north end of Higby 
Mountain, and that the curvature is closely conformable to that found 
between the Lamentation and Chauncy Peak blocks. 

On returning to Meriden, a superb view of the valley may be gained 
by an easy walk up a path leading to the terminal bluff of Chauncy 
Peak from the road below it. The strong range known as Beseck Moun- 
tain, formed on the main sheet, may be traced many miles southward 
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from Higby with little iu ten-opt ioii. The broad back of the same shoct 
faulted down in the district of tlie Hanging Hille, all heavily wooded, 
rises on the ferther side of the wide valley to the west. Descent from 
the cliff ooay he made by a little urevice, iu which a narrow band of breo- 
cia is seen ; its trend ie northeasterly. A southward view of Lamenta- 
tion with Chauncy at its farther eud, and of the north end of Higby, 
from a point several miles to tbo north, is given in Fig. 10. Some dis- 
tance up Falls Brook from High Falls, the sandstone lying on the back 
of Higby (19), Fig. 9, contains numorotis fragment* of vosicnlar trap; 
stones shewing such inclnsions are common in the stream bed. 

Attention should here be called to the apparent double ridge at the 
north end of Highy Mountain ; as if the main sheet were slightly dis- 
located by a strike fault, or as if it consisted of two lava beds, se[)arated 
by a weaker stratum of some kind. The main sheet, which forms the 
bold west bluH' of the mountain, ends south of Highland station (10); 
hut ft second ridge, a little lower thau the first, comes Into eight from 
behind the mountain, and extends a mile or more farther to the north- 
east (IT, 18). This great extension of the second ridge, although go 
close to the first, suggests a change in the course of the fault, as already 
indicated. Another example of the double form of the ridge will be 
found on the excursion for the t 



ExottTBion 6.— Faults in the Hanging HUla. 

The Hanging Hill^ one of the moat pictnreaqae districts in the ataU^ 
may be visited on the fifth day, b^inning at the Quury Ridge, along 
the margin of which ran the Great Fault disoovered on the third day. 
Approaching the ridge by the lane east of the Fair Grounds, Fig. 11, it 
IB significant that the led^ of conglomerate there followed strikes di- 
rectly toward the trap Uuff and ends on reaching the fault valley. 
When the quarry (1) is reached, attention will soon be taken by the 
variety in the structure of the trap, here so well exposed by quaiiTiiig. 
The greatest part is indeed rather uniformly dense and of medium tex- 
ture, but in the upper platform along the west side of the opening and 
on the lower bench at the southwest end, much vesicular trap is found, 
and its relation to the dense trap brings up an interesting problem. 
Close examination will discover that the dense and vesicular masses are 
separated by a rather sharply marked surface of gently undulating form, 
inclined to the eastward at an angle of about twenty decrees, and hence 
about parallel to the prevailing dip of the monooline. Below this sur- 
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fiu^e of separation, the vesicular trap may be seen to extend downward 
for a thiekness of ten feet or more, becoming gradually denser below. 
The upper mass, on the contrary, maintains its dense texture to the top 
of the quarry, a height of sixty feet above the vesicular mass below it. 
The only way in which these facts can be explained seems to be to re- 
gard the two masses as separate lava flows ; the lower one showing its 
upper vesicular surface, which, at the few points where it happens to be 
stripped bare, resembles the form of ropy lava, such as is called " pa- 
boe-hoe '' in the Sandwich Islands ; the upper mass revealing only the 
dense under part of a later flow, from which the original vesicular upper 
surface has here been worn away. This is entirely in accord with what 
has been learned elsewhere in the Triassic formation ; for if the lavas of 
this portion of the district are extrusive, it is the most natural thing in 
the world that the sheets should be composed of successive lava floods. 
The time between the outpouring of the two sheets here must have been 
short, for they are not separated by any deposit of sandstone or shale, 
nor does the upper surface of the lower flow manifest signs of wearing 
away, as it might if it had been long exposed to the weather above water 
leveL It may be here mentioned that a sheet of trap exposed in the 
railroad cut between Springfield and Westfield in Massachusetts bears 
evidence of at least three successive flows, the thinnest being only a few 
feet thick. 

Another feature of the trap quarry is found in the bands of iragmental 
material that traverse it from one end to the other, trending N. 57° to 
68° £. One of the clearest of these runs along the margin of the upper 
platform and extends across the high face of the quarry. It is from 
two to four feet thick, stands nearly vertical, with a slight hade to the 
west, and consists of angular fragments of trap of all sizes contained in 
a matrix of what looks like sandstone, although it bears no distinct 
marks of stratification. The trap walls of the band are of the same me- 
dium texture as the rest of the upper flow, and are sharply defined ; the 
trap fragments are of similar texture, without change from their margin 
into the centre. They vary in size from minute grains to great blocks, 
three or four feet across. Slickensided surfaces abound, generally 
parallel to the walls and sometimes extending into blocks of trap, which 
are slightly dislocated thereon. In short, these bands are fault breccias, 
the trap fragments coming from the adjoining rock, while the sandstone 
has been washed down the fracture from the beds that once overlay the 
trap, but which at this point are now worn ofl*. As their bearing is the 
that of the &ults already found from topographic evidence, it is 
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manifest that they ftimiah us nith dissections of sinaU fr&cturea similar 
to the greitter oues that control the structure of the region. The quany 
oould not huve been placed more advantageously for geological results. 

Tbe faults of the region have beeu found to have their heave on the 
east; if the dJslocatioue revealed by the hrcccias belong to the sume 
family as those that dominate the topography, we should expect them 
to present the same relative movements. The only opportunity to test 
this is found in the western part of the (]unrry, where tbe surface of 
contact between the upper anil lower sheets affords a recognisable layer 
ft»r identification on the two sidea of the fracture. The displacement 
thus determined is of small measure, about eight or ten feet, but it 
is of the same order as the larger ones already determined, having ita 
uplift on tbe eastern side. 

Four fault breccias may be found in the quarry ; their average bear- 
ing is N, 63° E., Iheir hade averages 71° with much constancy. Near 
the easteni foot of the quarry a broad breccia is seen much weathered; 
it has jirobably been but little stripped of the cover that it had before 
the quarry was opened. The little hollow, along which the branch track 
is laid from the Consolidated Itoad, undoubtedly marks the site of the 
Groat Fault, and if opened would he of tinich geologioal interest. Walk- 
ing across the hollow to the sandstones with barytes veins on the 
eastern aide, we hiivo stepped dmvu nliiiost two thousand feet, for the 
Great Fault which sets Lamentation Mountain over a mile hack from this 
portioD of the main sheet can hardly have a less throw than that 
amount. A transverse section of the quarry would, if fully worked 
out, probably appear as in Fig. 12, and the occurrence of step faults as 
there indicated goes far to explain the reason for the easy opeuing of 
other fiiult lines into gaps such as characterise the region. 

It may be noted that &ult breccias have been found in several other 
localities, and that they accord in strike and dip with the system here 
described. Percival called them " clay dikes," and examples will he 
mentioned below. 

An instructive view is opened by climbing to the top of the qu&ny 
bluff by its western slope. A northeast valley (3), Fig. 11, separates 
the qriarry ridge from other similar but higher ridges (3), and indicates 
a fault. Isolated ledges in the valley suggest chips of trap broken from 
tbe adjoining blocks. Tlie quarry ridge therefore belongs to a very 
narrow block, and its anterior trap can only be found by keeping care- 
fully within the limits of ita ouclosing faults. Walking southwestward, 
a small trap outcrop (4) is found in the roadway west of the Fair 
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GroandSy and although not visibly traversing even the small measure 
of the narrow bloek, it raay be fairly identified as the anterior sheet, by 
reason of its position. Its failure to make a continuous ridge may be 
attributed to weakness resulting from the numerous small faults that 
were seen in the quarry. Farther along in the block, ledges of con- 
glomerate and sandstone (5, 5') are found in appropriate position ; but 
their strike is seen to turn somewhat west of north, departing thirty ^ 
or forty degrees from the strike prevalent in the Lamentation fault 
block, and thus helping to account for the abnormal trend of the 
southern face of the Hanging Hills. The fault bounding the quarry 
block on the northwest may be found by walking from the conglomerate 
ledges (5) towards a wooded ridge (6), which is soon discovered to con- 
sist of trap, and which must be regarded as the anterior sheet of another 
block by reason of its attitude between the strong bluffs of Cat Hole 
Peaks on the north and the conglomerate ledges (8) on the south. It 
is overlain with fine red shales (7), whose strike is N. 46** W. and dip 
20® N.E. ; no contact with the trap has been found here, though it 
might be discovered by a little digging. The several breaks in the front 
of the anterior ridge probably indicate small faults, and may in part l^e 
associated with corresponding notches in the main sheet. This may be 
called Cat Hole block, taking the name from the deep pass in the main 
sheet on its western side. The view of the block from the round hill of 
conglomerate and sandstone (8) is especially valuable ; no point in the 
district illustrates more clearly the necessity of working out the Struc- 
ture of every block by walking parallel to its length, instead of as usual 
at right angles to the strike of the beds. The several members of the 
quarry block can be located : the main sheet in the quarry ridge (1), the 
anterior (4) alongside the Fair Grounds ; the conglomerate and sand- 
stone ledges (5, 5') below. Cat Hole block is equally distinct ; the 
main sheet in the castellated knobs at the end of the long ridges 
(3 — 3) ; the wooded ridge of the anterior trap with the red shales 
behind it ; and the conglomerate ledges below it, where we stand. 
Farther west, Notch Mountain block can be as well interpreted; the 
main sheet in its superb cliffs surmounting a long talus ; the anterior 
(9), wooded again, west of us ; and the lower sandstones in the rolling 
ground farther south. 

Oblique valleys, undoubtedly located on fault liftes, enclose Cat Hole 
block on either side. Taking the anterior sheet as a guide to the dis- 
location on these faults, and regarding its position in Cat Hole block 
(6 — G) as normal, we find it thrown to the northeast in the Quarry 
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Ridge blook| and to the southwest in Kotch Mountain block ; and from 
this it is apparent that the faults are of the usual pattern, with heave 
on the southeastern side. The movement on each one may be one 
hundred or more feet. 

A pleasant spot for lunch is found at the Cold Spring, in the ravine 
near the Poorhouse. This spring is fed in part by melting snow or 
ice hidden under the great trap blocks that have fallen from the cliif of 
Notch Mountain, and long ago attracted notice.^ A water-cure sanita- 
rium was built near it on the bench of the anterior sheet ; but proving 
unsuccessful, it was bought by the city of Meriden for a Poorhouse; 
it is not likely that any other similar institution possesses so delightful 
a view as is here spread out to the eastward, eveu as far as Higby 
Mountain. Before following the wood road to the reservoir, the open- 
ings in the western end of Cat Hole anterior should be examined, as 
they show a peculiar structure, perhaps indicative of ropy lava flow. 
Sandstone is seen lying close over the anterior just south of the Poor 
House in Notch Mountain block, and a small piece of vesicular trap was 
found enclosed therein. 

Broad views may be had by climbing the face of Notch Mountain in- 
stead of following the road through the wood below. A noteworthy 
feature is the furrowing of the top of the mountain by several ravines, 
parallel to the general direction of the neighboring faults. These and 
the crevice mentioned in the terminal bluff of Chauncy Peak are the 
topographic expression of small fractures similar to those dissected in 
the quarry bluff. The view from the southwestern bluff of Notch 
Mountain opens the West Peak block to easy inspection. The fine 
cliff of its main sheet rises from the farther side of the reservoir, and its 
anterior sheet forms a broad bench (11) to tlie south. On descending 
to the reservoir an exposure of red shales (10) is seen in the roadside, 
a little above the vesicular back of the anterior trap; its beds strike N. 
30° W, and dip G° N.E. 

The reservoir valley has a little more northerly course — about X. 
15° E. — than that followed by the faults hitherto met. For some 
time it appeared to he an exception to the general rule ; but closer ex- 
amination has led me to conclude that the valley is not coincident with 
the fault. This is certainly a hazardous conclusion, and not to be 
lightly accepted. The following facts lead to it. Toward the northern 
end of the reservoir, a hill of heavy trap (14) stands below the western 
fixce of Notch Mountain, and more in accord with the attitude of the 

^ Sillirnan, Amcr. Journ. Science, 1st scries, iv. 1822, 174. 
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West Peak sheet The trend of the western face of Notch Mountain is 
N. 50^ Ky and it may be traced in a more or less distinct bluff or ledge 
(12) for a mile in this direction. On following up the intercepting 
canal cut in the trap to bring the streams from the back of West Peak 
into the north end of the reservoir, a band of breccia about a foot wide 
may be found traversing it, trending N. 60° £. ; and the back of West 
Peak is furrowed with ravines (13) trending N. 55° or 60° £., showing 
that faults of the normal directiou occur here as well as to the east of 
the reservoir. The general topography leading to the above conclusion 
may be perceived from a knoll (15) a good half-mile northward. The 
long northwestern face of Notch Mountain is from here clearly seen to 
be independent of the detached portion (14) of the West Peak block. 
A low trap ridge (16), a little to the west of the knoll, is probably to 
be identified as the posterior sheet of the same block. 

The abnormal position of the reservoir valley finds no sufficient ex- 
planation. It may be located on a branch of the chief fault ; but in 
such case the chief fault ought to be the site of the chief valley, and 
not merely of a little ravine. Perhaps a more likely explanation will 
some day be found by regarding the reservoir valley as the abandoned 
course of an old river, whose direction was taken during the pre- 
cretaceous base-levelling of the region, and maintained for a time after 
the post-cretaceous elevation, until some other stream, which en- 
countered no heavy trap sheet and therefore deepened its channel 
quickly, captured and led away the head waters of the reservoir river ; 
the reservoir notch would thus fall into the class of wind gaps derived 
firom water gaps, not uncommon in the Appalachiaus. But different ob- 
servers may well have different opinions here. 

While on the knoll (15), the double form of Notch Mountain will be 
observed. A second trap sheet (17) seems to lie on the back of the 
first. (It is rather too distinctly drawn in Fig. 11.) The same thing 
might have been noticed from the back of the anterior sheet of Cat Hole 
block, where the roads form a little triangle. A rough walk through the 
woods around the base of the upper sheet (17) to Cat Hole shows the 
back of the lower sheet to be highly vesicular; a rocky talus hides 
the contact between the two. I have interpreted this as the topo- 
graphic expression of the two lava sheets disclosed in the quarry bluff : 
the vesicular upper part of the lower sheet acts as a soft bed between 
the denser parts of the two flows, and the mountain crest is therefore 
doubled. The -same double form may be seen in the mountains of 
Medina sandstone in central Pennsylvania, and for & similar reason. 
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The other tmp mountains nbout Meriden do not show the double form 
BO distinctly ; the second ridge oii Higby haa already been mentiont-d ; 
□D the back of West Peak the upper sheet may perhaps be identified in 
certain ridges near the base of the wooded slope ; and if the obaervcr is 
ambitious of hard scramhliug over rough trap ledges and waste bmnchea 
of felled trees, he may attempt to work oot the faults and the double 
sheet of Cat Hole rid^a (3) to northeast of the Peuka ; but this ia not 
to iie recommended oa an easy return from the abort walk of this busy 
day. 

The eastward turn of the main sheet bluff from West Peak to the 
Quarry bliitf deserves a word. It seems to depend on three causes. 
Tho strike of the beds changes from the geueral trend of N. 20° E. to N. 
20^ or 30" W, or more, and this alone accounts for much of the turn ; 
tho displacement ou the faults accomplishes something in the same direc- 
tion; and fiuuUy the accelerated recession of tbo cliff faces where the 
faults are numeroufl accompliahes tho rest. The moderate altitude 
maintained by the main sheet in the Cat Hole and Quarrj' ridge blocks, 
where the fractures are numeroua, bears wituass to the effectiveness of 
the lost cause. ^J 



Excursion 6. — North of West Peak. 

A final excursion may be made along the range north of West Peak. 
For reasons that will appear later, the walk may be best begun at Cook's 
Gap, where the New York and New England Railroad crosses the trap 
range about three miles west of New Britain ; thence southward we 
shall p.i&B the Shuttle Meadow fault of the second day's excursion, and 
afterwards approach the northern side of the West Peak block. Taking 
early train from Meriden to New Britain, connection may be made with 
a local train on the New England Road, which on proper presentation of 
the case may probably be induced to stop at the western side of Cook's 
Gap, at a road crossing (1), Fig. 13. 

Cook's Gap is unlike most of the others of the region in crossing the 
trap range almost at right angles, and thus indicating its independence 
of the fault system. It may be an abandoned river course, like the 
Reservoir Notch. Farmington River comes out from the crystalline up- 
lands on the west about opposite to this gap. 

The road at which we left the train follows the anterior ridge' south- 
ward : sometimes it approaches the bluff, from which an extended view 
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of the Soiithington plain is obtained ; it is broadly drift-covered. No 
interruption in the ridge is discovered for a mile and a half; then near 
the outlet of Southington reservoir (2) two small notches are found, in- 
dicating dislocations with heave of seventy and eighty feet ; these are 
probably connected with the indentations in the main ridge to the 
northeast, which bear about N. 50° £. from the notches. Another mile 
without interruption brings us to the Shuttle Meadow fault, Fig.' 3 be- 
ing repeated in Fig. 13; the bluff of the northern member of the an- 
terior should be followed around its edge into the fault valley in order 
to appreciate the regularity of its curve. Three small dislocations ap- 
pear in the North High Rock block, next beyond ; and near the third one, 
fragments of vesicular trap are found in the shaly beds in the road (3). 
Advancing a little farther, an oblique valley (4) between North and 
South High Rocks is disclosed ; if it is located on a fault, and if the- 
fault belong to the prevailing system, a dislocation in the anterior ridge 
should be found when we have gone far enough southward to give the 
oblique valley a bearing of about N. 60** E., and the dislocation should 
be of the Shuttle Meadow pattern. At the expected point, the anterior 
bluff curves around and ends in a ravine (5), across which another bluff 
of the same form begins at a little higher level, indicating an uplifl of 
say a hundred feet. The oblique valley between the High Rocks cannot 
be distinguished until the ravine is followed up towards the road ; then 
its bearing is found to be closely parallel to that of the faults near by. 
The impure limestone that is found at a number of points in the region 
on the back of the anterior is exposed in an old quarry close by on the 
roadside. 

If the vague conception of the Triassic structure with which Shuttle 
Meadow was entered on the second day's walk be now recalled and com- 
pared with the definite conception that has slowly grown up as the to- 
pography has been deciphered and the structure interpreted from it, the 
student will find that the alternative hypothesis of repeated sequences 
of deposition has no longer any claim on his attention. The l^ypothesis 
of repetition by faulting has found continued confirmation since it was 
first tested at Shuttle Meadow. Every method devised for testing the 
occurrence of faults has been applied, and no doubt whatever can re- 
main of their occurrence. The members of the repeated sequence are 
sufficient in number to make a good case, and succeed one another too 
arbitrarily to be regarded as products of a single process ; repetition is 
frequent, and when obce perceived it becomes a prominent characteristic 
of the region ; the faults by which the repetition is produced are strik- 
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ingly systematic in direction, and all agree in having their uplift on the 
southeast ; the complicated topography of the region is reduced to sim- 
plicity ; and a limited power of prophecy is gained, as in the case of the 
*notch in the anterior ridge, just described. The key to the structure of 
the region is discovered. When the walk southward along the back of 
the anterior ridge is resumed, and the terminal bluff of South High 
Rock \s seen in its characteristic form, with Short Mountain rising be- 
yond it, he must be indeed a sceptic who is not ready to predict that 
yet another notch in the anterior with normal offset and overlap will be 
found corresponding to this break in the main sheet. The notch (6) is 
soon reached, but on looking eastward as usual for the heaved continua- 
tion of the anterior, it is not to be found. The ground is low and open 
to the foot of the main sheet of Short Mountain, and it is only to the 
westward that there is any ridge (7) that may correspond to the ante- 
rior. Just as our generalization was to be established we meet a de- 
parture from it. The case is certainly of great educational value as well 
as of geologic interest ; and one must approach it with an excellent 
geometric understanding of the several patterns of faults described on 
the second excursion, if he would not be puzzled by its departure from 
the topography of the faults thus far encountered. 

Turning westward instead of eastward, a ridge (7) is found that cor- 
responds in every way with the auterior, and a brief consideration of its 
position will show that it is an example of the case of Fig. 7, in which 
the heave is on the northwest of the fault and the downthrow on the 
southeast, the reverse of our usual style of dislocation. The offset is to 
the west, or negative, instead of to the east ; and there is a lapse of 
bluff front instead of an overlap. After perceiving this there is no 
further difficulty. The main sheet of Short Mountain is seen to stand 
farther west than the same sheet in the next block to the north, thus 
confirming the conclusion derived from the anterior ; and when looked 
at from the east, the backs of the two portions of the main sheet readily 
disclose their relative altitudes : the southern is depressed compared to 
the northern. The bearing of this reversed fault, determined by sight- 
ing from the notch in the anterior through the pjiss in the main sheet, 
is N. 65° E. It mav be noted that if this course be turned a little to 
the left, as if the fault curved to the north, it would lead in about three 
miles to a peculiar fault breccia in the sandstones ; one of Percival's 
"clay dikes," disclosed in a post-glacial stream channel, a mile south of 
Xew Britain, at the eastern base of a great drumlin. The peculiarity 
of this fault is that the deformation of the bedding on either side, shown 
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in Fig. 14, indicates an uplift on the northwest ; it is probably there- 
fore an extension or a branch of the fault just described north of Short 
Mountain. 

The southern boundary of the Short Mountain block presents nothmg 
unusual, for both the anterior (8) and the main sheets (9) of the next 
block — West Peak — are ofifset normally to the eastward about a third 
of a mile. The course of the fault determined by sighting firom the 
south end of the anterior of Short Mountain block to the north end of 
the West Peak main sheet is about N. 60° £. An old " paint mine " 
(10) lies on this line ; the heap of refuse about it consists of a breccia of 
vesicular and dense trap cemented by barytes and other minerals. The 
same line, carried several miles northeastward, runs to a normal dislo- 
cation in a trap ridge (probably a second posterior) a little distance 
southwest of Berlin Junction station ; shortly before reaching this dis- 
location, a " clay dike " (Geol. Conn., 378) is seen in the banks of the 
Mattabesick ; its position places it on the fault line ; its direction, about 
N. 40° K, accords fairly with that of the fault ; its structure shows it 
to be a breccia ; aud the deformation in the bedding on either side. 
Fig. 15, shows that its heave and throw agree with the rule of the re- 
gion. Midway on the same line, where the road from Cat Hole to New 
Britain crosses a stream by an old burnt mill between two ponds, the 
posterior trap is exposed in the stream channel, and close west of the 
road there is a foilr-foot breccia of trap and sandstone, bearing N. 50^ 
£.y with a hade of 15° northwest of the vertical, and slight uplift on the 
east as indicated by apparent repetition of the scoriaceous upper por- 
tion of the trap. This is probably a small fault, associated with the one 
that bounds Short Mountain on the southeast. 

There are no other significant faults till the Reservoir Notch is 
reached ; and the day's walk may be ended either by followmg the road 
(11), Fig. 11, that runs around the curve of West Peak, or by a shorter 
cut (12) leading through Cat Hole to Meriden. 



Review. 

All the chief faults from Cook's Gap to Higby Mountain — ten in 
number — have now been worked out. They accord fairly well in di- 
rection, as appears in the general map, Fig. 16, corresponding to the 
black square of Fig. 1. Here the several sketch maps, Figs. 2, 3, 10, 
11, and 13,- are outlined in their proper relative positions, and indicated 
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by Dumbers 1 to 5 ; the maia sheet is shaded, and the (Ulterior and poB- 
terior ore located od either side of it ; the faults are drawu aa broken 
lines. Finally, a section drawn at right angles to the prevalent trend 
of tbe faults i» given in Fig. 17; it is not constructed closely to scale, 
but indicates the general stracture of the region. The abnormal Short 
Mountain fault, nith downthrow on the southeast, which when first 
found seemed to endanger our generalization, ia seen to be only a single 
Bxoeption to a well marked rule. No other explanation of the structure 
of the region than that by faulting seems admissible. 

It has been difficult and in most cases as yet impossible to trace the 
{aalta far to either side of the three trap ridges ; elsewhere, the surface 
is BO heavily drift-covered, and the sandstone or shale ridges are so 
monotonous, that dislocations cannot be demonstrated. But it is in tho 
highest degree probable that the faults are not limited to the belt 
of trap ridges ; the uniformity of direction and of throw over the con- 
aiderable district where we have traced them indicate their eiteuaion 
over a much larger area, where more patient search may yet detect 

The TriEisaic monocline must therefore be regarded as composed, in 
the Meriden-New Britain district, of a number of long and relatively 
narrow blocks, whose direction ia oblique to tlie strike of their beds, hut 
IB in a most striking way acoordant with the trend of the fundamental 
Bobists, where they are exposed to the southwest and northeast. I find 
it impossible to resist the oonvictioa that this accordance is not due to 
chance, but that it points to physical dependenoe of the superficial on 
the deeper struoture, as has been suggested in my earlier papen. 



Cahbkidos, Hub., Maicb 27, lesa 
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EXPLANATION OF PLATES. 



PLATE L 

Fig. 1. OutliDe map of soathern New England, showing the Triawic area of the 
lower Connecticut Valley (dotted), and the area deicribed in this paper (black 
square). 

Fig. 2. Sketch map for first and third day's excursions around Lamentation 
Mountain. 

PLATE IL 

^g. 8. Sketch map for second day's excursion around Shuttle Meadow 
ReserToir. 

Figs. 4 to 7. Diagrams illustrating the topographic displacement produced by 
faults running at divers angles with the strike of the faulted beds. 

Fig. 8. View of fault gap in the anterior trap ridge, southwest of Shuttle 
Meadow Reservoir. 

Fig. 9. Diagram illustrating the general scheme of interpretation of the faulted 
Triassic monocline about Meriden. 

PLATE IIL 

Fig. 10 a. Sketch map for fourth day's excursion from Lamentation to Higby 
Mountain. 

Fig. 10 b. Distant view of Lamentation and Higby Mountains from the north. 

PLATE IV. 
Fig. 11. Sketch map for the fifth day's excursion in the Hanging Hills. 

PLATE V. 

Fig. 12. Generalized section of the Quarry ridge, near Meriden. 

Fig. 13. Sketch map for the sixth day's excursion, from Cook's Gap to Short 
Mountain. 

Fig. 14. Section of fault with heave on the northwest. 

Fig. 16. Section of fault with heave, as usual, on the southeast. 

Fig. 16. General map of trap ridges in the Meriden-New Britain district ; the 
several sketch maps already referred to being located by rectangles numbered fh>m 
1 to 6. 

Fig. 17. Generalized cross-section of the Meriden-New Britain district. 



DAVIS- MERIDEN 




DAV(8-M£RIDEN 




DAVIS-MERIDCN 




OAVia-MERIDEN 








">r^ 



i 


m 


t — ^ 


\ 


W^ 


^ 






''^/W 



No. 5. — On the Occu/rrence of Fossils of the Cretaceous Age on the 
Island of Martha's Vineyard, Mass, By N. S. Shaler. 

It has long been known that fossils apparently of Tertiary age ocour 
in the peculiar rocks about Gray Head, on the western extremity of Mar- 
tha's Vineyard. These strata of alternating clays, sands, and occasional 
lignites occupy the western half of Martha's Vineyard, in which region 
they rise above the sea leveL They probably underlie the glacial de- 
posits throughout much of the area of the island, and may have a yet 
wider extension. Even where the Tertiary beds lie above the sea level, 
they are generally covered by a thick coating of glacial debris. Where 
this debris has the character of true shoved moraine, the accumulations 
are often a hundred feet or more in depth. Where the detritus exists 
in the form of a sheet, it is less continuous, but nevertheless covers the 
greater part of the underlying rocks, which are only exhibited in a clear 
manner along the gulf-like shores. 

In 1870, while engaged in some studies on the erosion of the coast 
lines of this island, I found several fragments of a coarse sandstone at va- 
rious points in the drift material, which contained extremely obscure mol- 
luscan fossils. Among these were specimens of what appeared to me to 
be Exogyra, a genus which, as is well known, does not extend to the Ter- 
tiary period, and is practically limited to the lower portion of the Creta- 
ceous. Although the evidence was extremely imperfect, it was enough 
to warrant a careful search of the island, with the hope of finding in 
place the beds whence the fragments were derived. I spent more than 
a month in this systematic inquiry before attaining to any results what- 
ever. At length I discovered two localities where these sandstone frag- 
ments with imperfect moUuscan remains were tolerably plenty. These 
positions are indicated in the descriptive sketch, Plate I. One of them 
lies on the western shore of what is called Lagoon Pond, immediately 
west of Cottage City. At this point a skilled collector may in the 
course of half a day discover half a dozen fragments scattered in the 
drift, which are clearly referable to Cretaceous rocks. A second and 
more important locality lies near the centre of the northern shore, at 
the distance of about throe fourths of a mile from the coast line on the 
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track of the Inst locality known as the "Woods Schoolhonsc." The 
Bchoolhouso of tbo noiuo has disappeared, for ita fouudatious oulj remain ; 
but tlie exptoror cau readily find bin way to the spot by paaaiug from the 
now Bchoolhouso on the Cedar Tree Neck road westwardly along the ser- 
pent kuniQ, the ouly deposit of this Daturo on the island, until ho paosuB 
a stone wall, a Little to the west of which, in the roadway and on the 
bare ground thereabout, ho may find an abundance of fragmcnte of this 
peculiar sandstone. GircuiUiStaaees prevented my undertaking any care- 
ful study of this place uutU seventeen years after its discovery. In 1887 
I returned to the locality, and with tho help of my ftssiataut, Mr. Foerste, 
undertook a careful collection of the abundant fragments which I found 
at this point, as welt as a systematic study of nil tbe area of the island 
which gave promise of affording similar materiaL The search for otber 
localities was fruitless, and as this is the only one on tbo island which 
lias afforded fossils In condition for identification, I shall hereafter limit 
my ttccount of the bed to what is exhibited at this point. 

As is shown in tho accompanyiog section, tho Cretaceous fragments 
found at this locality occur ouly within a small area. They have been 
found over a surface having an east and west eiteasion of about 300 
feet, and a north and south length of about 200 feet. The position is 
immediately to the south of a shoved moraine, which extends up to and 
probably includes this part of the drift accumulations. In this area, 
from the surface to the depth of four or five feet, or as far aa the exca- 
vation penetrated, by far tbe larger part of the fragments are composed 
of the deposit in question. The rock consists of a very coarse sandstone 
abounding in quartz pebbles, containing indeed little other material save 
quartz fragments from an inch in size downward. Tbe largest of the 
fragments contiuning fossils are about three feet across and a foot thick ; 
tbe greater part of them are extremely angular, showing by their foran 
that they have been transported for a very short distance. Moreover 
tbe extreme softness of the material would moke it impossible for it to 
endure any distant ice carriage. The sand in which the fragments con- 
taining fossils were embedded appears to be to a great extent derived 
fVom the destruction of the same rock. This fact is indicated not only 
in tbe physical aspect of the sands, but in the character of tbe vegeta- 
tion which grows upon them. Generally, in this morainol district, the 
decomposition of the pebbles containing large amounts of feldspar and 
mica affords a moderately fertile soil, which maintains grass. In the area 
where these fragments abound, the sand is evidently far more siliceous 
than elsewhere in the area of the moraine, and is too lean to support 
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plants. In part it is covered by a growth of liohens, and in part alto- 
gether bare of vegetation. 

This assemblage of facts makes it seem clear that the locality whence 
this Cretaceous material is derived is not more than a few hundred feet 
to the north of the site where these fossils are found. Were it farther 
away, there could be no such concentration of the Cretaceous waste. 
The hypogene material would be more extensive than it is. I have 
therefore no hesitation in saying that we have in this immediate vicinity 
a deposit of Cretaceous age. It is probable that this deposit of small 
area is girdled about by strata of the same age as those about Gay 
Head. This is indicated by the fact, that, at various points in every 
compass direction from this locality, the drift contains large amounts of 
bright-colored clays such as give the name to Gay Head. These clays 
are not seen in their natural position, but are commingled with the 
glacial waste, the fact being that when the glacier overrode this area it 
ground up and commingled a good deal of bed-rock clays over which it 
moved with the morainal material brought from a distance. A careful 
study of all the exposures on Martha's Vineyard containing Tertiary 
clays has failed to show any distinct fragments of Cretaceous rock. This 
assemblage of facts has led me to the conjecture that some small remnant 
of the Cretaceous beds projecting through the enveloping clays of later 
age is the source whence these fragments containing fossils have been 
derived. 

The foregoing conjecture is more probable, for the reason that it will 
explain in a satisfactory way the origin of much of the sedimentary 
matter contained in the beds of the Gay Head section. That section is 
remarkable for the very large amounts of siliceous matter contained in 
its sandy and pebbly beds. This material is substantially what would 
be obtained from the erosion of the Cretaceous strata such as are found 
at this point, and the reassortment of the materials. 

The physical conditions of the fragments of Cretaceous rock appear to 
indicate that the beds were deposited near a shore line. The rock is of 
a very coarse texture, showing faint indications of cross bedding ; the 
clay element is scanty, and the quantity of lime is very small. It is 
evident that the bed containing the fossils was accumulated with con- 
siderable rapidity, and that only in certain levels was the organic life 
developed in sufficient quantity to make the bed fossiliferous. All these 
conditions indicate that the deposit was formed near the coast line. 

This opinion is borne out by the character of the fossils. The great 
prevalence of oysters, and the fact that the two valves are generaUy 




found separate from each other, in Bome cosoa appearing to have been 
worn by wave action before they were fixed in the strata, b almost con- 
cluaive proof that the deposits were made in shallow water. Although 
tha Eaogyraa differ in a certain measure from our ordinary oysters, their 
distribution in this and other countries is always consistent with the 
hypothesis that, like their living kindred, they did not inhabit thfl 
deeper parts of the sea, but were dwellers in the shoal water. H 

The existing condition of the Cretaceous fragments affords us some ^ 
hght as to the condition of the rock before it was disrupted by glacial 
action. All the fragments containing fossils are extremely ferruginous, 
the lime of the shells having been replaced by limonite. This is the 
ordinary ,'resuU of atmospheric action on superficial deposits of this 
nature. It appears to me quite evident that this replacement of the 
lime was effected while the material was in its original position, and this 
for the following reasons. The fragments of Cretaceous rock were tu 
many instances found lying upon the surface of the soil, or only partly 
bedded within it In these cases the limonation could not hace oo- 
ourred since the fragments came to their present position, for the 
reason that there would have becu no source whence the iron could have 
been derived. There has evidently been no considerable degradation of 
the drift on this region since it was abandoned by the glacier. Owing to 
the poaitioti of the deposit it wita not subjected to any wnter erosion. It 
is evident that the corrosive work since the disappearance of the glaciers 
has not taken away more than a few inches, if as much, from the surface. 
If the fragments had come to their present position without having ex- 
perienced the processes of decay, the replacement of the lime could not 
have been effected. I therefore am forced to the conclusion, that this 
material had decayed in its original bed, before it was disrupted by the 
glacier, and that the iron was derived from superjacent beds in the origi- 
nal stratification. Although this conclusion is hypothicol, it is of certaiD 
interest, for the reason that it combines with the other known facts to 
indicate that the glacial erosion which has taken place in this region 
has heen of slight amount If it had been great in quantity, if several 
hundred feet of the section had gone away, we should not only have bad 
this detrital material of Cretaceous age distributed over a larger field, 
but the fragments would probably have come to this point in an unoxi- 
dized condition. 

A very severe rain-stonn which occurred in the month of September, 
1888, disclosed a portion of the sections in the neighborhood of the point 
where Cretaceous fossils are found. Although the sections are obscurely 
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exhibited, a tolerable notion can be formed as to the character of the 
materials along a line having a length of about 2,000 feet. The position 
of the beds is in general indicated in the accompanying diagram, which 
gives a somewhat generalized section from the north shore of the island, 
a little west of Cedar Tree Neck, across to the small brook on the Cedar 
Tree Neck road. On the north shore the beds occasionally exposed 
after severe storms consist of grayish green sands, with occasional iron 
concretions resembling those found in the " Wood Schoolhouse " locality. 
Some of the fragments closely resemble the material containing fossils 
at the last mentioned locality, and in one fragment an unrecognizable 
species of oyster was observed. At the highest point delineated in the 
section, the shoved frontal moraine is partly interrupted, so that the un- 
derlying rocks are exposed. Here we find a section having a length of 
about 300 feet, showing a deposit of grayish green sands alternating 
with red and white clayey sand, the dip of the beds being to the north- 
west, the angle varying from 45** to 60** of declivity. Proceeding south, 
we find 300 feet of section in which the beds are concealed from view ; 
then a small exposure of red clayey sand with an obscure dip, not more 
than 60 feet in thickness of beds being exposed to view ; then 140 feet 
of measures hidden by the covering of drift ; following that, 70 feet of 
red and white clayey sand, very micaceous, dip obscure, but apparently 
in the same northwest direction. Again, southward, a covered section of 
about 100 feet in length, in which the drift is more or less churned up 
with grayish sands presumably derived from the underlying beds. This 
is the point where the fragments containing species of fossils described 
in this report were obtained. Farther on, 600 feet of the section is un- 
exposed ; then, for 180 feet, we have mainly greenish gray sands, having 
a total thickness of about 80 feet, with traces of yellow and white sands 
above and below them. At this point the dip is clearly shown. It is 
to the northwest, at an angle of from 35^ to 50^. Following to the 
southward, 150 feet of the section is concealed; then for the distance of 
about 125 feet, to near the margin of a small brook, the reddish clays 
appear at the surface, but the dip is not clear. It appears to be in the 
same northwest direction. At several points in the greenish measures, 
some compact ferruginous layers resembling those containing fossils are 
found j but in none of these beds have I as yet been able to obtain 
organic remains. They serve, however, to indicate that the material 
containing fossils is really derived from this section. 

Until fossils are actually found in a bedded condition in the deposit, 
it will not be possible to assert in a positive manner that this section is 



of Cretaceiiua age. It still seems possible that the fro^euts coiitaioing 
fossils may be in thoir nature exotic, as are the fosailiferuns materials in 
the beds at Cay Head. It is to bo noted, however, that the greenisli 
gray Bond in tho acctlou coutaiaing tbo fossils diSers considerably in its- 
geueral aspect front the beds at Gay Head. Moreover, there appears to 
be au absence of lignites iu this portion of the Vineyard seriea. 

The provailiiig northwest dips of this sootioD are in contrast to the 
attitude of the Gay Head Heries. I hove carefully eiftcoined the bedding 
with reference to the theory that the dislocation is due to glacial thruft. 
I find it iuiposaibte to acoept this view, for the following reafione. In tbo 
first place, the dips are everywhere tolerably uuiforni, eicept within %- 
foot or BO of the glaciated surface. In this upiiermost part of the section 
the thrusting and dragging action of the ice is distinctly exhibited in thd 
somewhat sharp fleiure of the beds, aa well as the considerable contOT' 
tion which they pnisout. It seems to me impossible to believe that k 
Bteadfaat dip such as is shown by these beds could have been produced 
by the thrust of a glacial sheet. If the dislocation were due to the direct 
forward movement of tlie ice, we should have to explain these dips by th« 
supposition either that the beds originally horizontal were thrown into 
an arched form, and that wo have hero the northwest side of the anti- 
dinal, or that the beds were oompletoly overturned In order to produca 
the e)ti8tinij dips. There is no trace of such an arch exhil>itcd in the 
section. Indeed, the presence of auob a fold is contra-indicated by the 
fiict that the dips increase to the southward, and the hypothesis of a 
complete overturn finds no support whatever in the facts. Last of all, 
we observe that the snr&ce of this district apparently retains ita pre- 
glacial topography. A system of stream valleys is traceable over all the 
section where the Vineyard series of deposits rise above the sea leveL 
The persistence of a pre^lacial topography, manifest even in the details 
of the surface, — a topography on which the drift materials are simply 
imposed, — is overwhelmingly against the supposition that the disloca- 
tions are in any measure due to the action of the ice-sheet. 

In a memoir on the Geolc^ of Martha's Vineyard, prepared for 
the Annual Report of the Director of the U. S. Geological Survey for 
1885-86, 1 have endeavored to show that the deposits at Gay Head, 
probably of Miocene or early Pliocene age, were formed in a delta at 
a time when the level of the shore was perhaps not more than 200 
feet below its present position. If the evidence from the fossils and 
the physical condition of these Cretaceous deposits is to be trusted, it 
indicates that in a much earlier time the uhore on this part of the 
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North American coast was also not far from its present altitude. These 
fragments lie at the height of ahout 150 feet above tide-water ; the most 
elevated point at which I have traced the Tertiary deposits of the Gay 
Head series is about the same height. Taken together, these two sec- 
tions afford interesting evidence of the existence of the shore line close 
to the present coast in two remote stages of the earth's history. 

The occurrence of Cretaceous deposits in this part of New £ngland is 
particularly interesting, for the reason that it indicates the former exten- 
sion of the deposits of this age to points much farther north than they 
have hitherto recognized on the eastern versant of the continent. Hith- 
erto, no beds of Cretaceous age have been known on the Atlantic coast 
north or east of New Jersey. This new locality establishes the existence 
of such beds about 100 miles &rther north, and about 200 farther east 
than those which occur in the New Jersey area. 

The fact that the Martha's Vineyard Cretaceous material was appar- 
ently deposited near a shore line, appears to indicate that the Cretaceous 
section, at least that part which belongs in this particular horizon, never 
covered the general surface of New England. Therefore we cannot 
fidrly attribute to erosion the absence of this portion of the Mesozoio 
deposits in the New England area and the region to the northward. It 
seems to me more likely that these beds were never deposited on that 
portion of the continental surface. 

Pal8Bontolofir7 of the Martha's Vineycurd Cretaceous. 

Although there can be hardly any question as to the general geologi- 
cal position of the beds whence these fossils were derived, their precise 
place in the section is not readily determinable with the material at 
hand. As will be seen from the appended figures of fossils, the remains 
are very imperfectly preserved, revealing the existence of four species 
which are characteristically Cretaceous in their aspect. The species, 
however, differs so far from that which has been found in more southern 
portions of the continent that no sufficient identification of the particular 
horizon is possible. 

The most abundant fossil is the Exogyra, shown in Figs. 19 and 20 of 
Plate II. The specific differences between the several species of Exo- 
gyra are rarely if ever sharply defined. The Martha's Vineyard form 
appears to be sufficiently distinct from any others which have been de- 
scribed to warrant the applicatioif of a new specific name. So far, no 
distinct Exogyras have been found above the horizon of the Cretaceous 



periud. Indeed, it seems likely that this gcuiie does not range up to 
the very summit of that series, but pftsaea out of existence shortly after 
the Middle CretaceouB section. Therefore the occurrence of this fossil of 
iteelf affords fair ground for concluding that the deposit does not belong 
to a higher level than the Middle Cretaceous. The specios of Camp- 
touectes has never been found above the middle of the Cretaceous series. 
Indeed, it appears to be characteristic of the lower portion of that b»> 
tion. It may be taken as evidence, that the beds in question do not ei- 
teod below the horizon of the Cretaceous. The other fossils which are 
described and figured are less de tor mi native in their value. They arc, 
however, so fivras it haa been possible to identify them, not incouaistent 
with the hypothesis that these beds arc of Cretaceous age, and tbut 
they probably belong in the lower portion of that period. 

In the present state of our knowledge concerning the held Iroin wliich 
these Cretaceous fossils are derived, it does not appear worth wliile to 
undertake any description of the species. Although the material is in 
fair condition for such work, it seems to me likely that further study of 
the field will develop much better specimens. I have therefore sought 
to do no more than refer these species to their genera, with suggestions 
as to the apparent affinities of certain forms. In preparing this list, I 
have been bo fortunate as to be able to confirm my general determi- 
nations by the advice of Dr. C> A. White, Paheontologist of the U. 8. 
Geological Survey. My thanks are due to him, and also to my assist- 
ant, Mr. Aug. F. Foerste, for a careful search of the island of Martha's 
Vineyard, in order to determine whether localities other than those I 
had found existed on the island. Although the result of this was purely 
negative, it has been of value to the investigation. I am also indebted 
to Mr. Foerste for the preparation of the drawings figured on Plate II. 
of this report. 

The foregoing report is intended aa a preliminary statement concern- 
ing the Cretaceons rocks of this interesting locality. I hope to explore 
the field by systematic excavations, and thus secure more complete and 
accurate information than haa here been presented. 
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EXPLANATION OF PLATES, 



PLATE L 

This plate giret a sketch map of the island of Biartha's Vineyard, intended to 
allbrd in mere outline sufficient indications as to the position of the Cretaceous 
localities which have so far heen determined. The principal locality where these 
fossils are found is shown by the line indicating the position of the section given 
at the bottom of the plate. ^From this point the fossils were obtained which are 
mentioned in the text and figured in Plate II. The locality on Lagoon Pond lies 
on the eastern face of that sheet of water from one third to one half a mile south 
of the entrance to the pond. The fossils from this locality are extremely imper^ 
feet, and are found in occasional fragments of Cretaceous rock involved in a thick 
section of drift. A third locality, where a single fragment of a fossil oyster was 
observed, is on the southern part of the island of Chappaquiddick, which lies to 
the east of Edgartown. 

At various points to the eastward of a line drawn from Great Tisbury Pond to 
Lumbard's Cove the drift is frequently stained with ferruginous sandstone waste, 
which is probably derived from Cretaceous deposits. It is possible that a portion 
x>f the stratified rock deposits lying to the westward of the above mentioned line 
may also be of Cretaceous age. 

For a further account of the geology and topography of this district, see my 
Memoir on the Geology of the Island of Martha's Vineyard, in the Seventh An- 
nual Beport of the Director of the U. 8. Geological Survey. 

PLATE II. 

Fig. 1, 1 a, 1 b. New genus ? Compare Myoconcha. 

Fig. 2. PUcatula or Ostrea. Compare PL instabUe, StoL, and O. lugubriSf Conrad. 

Fig. a TeUina {linearia)'! 

Fig. 4. Cardiumf 

Fig. 6. Pteria, 

Fig. 6. Lucinaf 

Fig. 7. Turritdialnerinaf). 

Fig. 8. CamptonecteM BurlingtonensiSt Gabb. 

Fig. 9. Camptonecretparvia (?), Whitfield. 

Fig. 10. CkemniUia. 

Fig. 11. Ludna. 

Hg. 12. Cerithittm. 

Fig. 18. Anomya 9 

Fig. 14. Turritella, 

Fig. 15. Nuadana, 

Fig. 16. Ostrea or Exogyra f 

Fig. 17. Modioim. 

Fig. 18. Modiolaf 

Fig. 19, 20. Exogyra, Compare E, ottracina, Lam. 



Jfo. 6. — The Tntnisive and Extrusive Ti*iassic Trap Sheets of the 
Connecticut Valley. By William Mokris Davis and Charles 
LivY Whittle. 
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5. Conclusions. 

1. — Introductory. 

The outcrops of conglomerate, sandstone, and shalo in the Triassic 
formation of the lower Connecticut Valley are generally inconspicuous, 
and alone would hardly afford means of deciphering the structure of the 
region; but they are accompanied by ridges of strong relief, marking 
the resistant edges of trap sheets whose close conformity to the adja- 
cent sedimentary beds has long been recognized. It was noticed by the 
elder Hitchcock that some of these sheets were extrusive. Manifestly 
these are of great stratigraphic value, for after taking their places in 
the stratified series, they constitute truly conformable members of the 
mass, and may be used as guides to the deformations that the whole has 
suffered.^ Attention was called to their value in this respect by the 
senior author of this essay in 1883,' and since then something of the 
structure of the region has been worked out * for the United States 
Geological Survey by means of the dislocations of the sheets that are 
regarded as extrusive. The field about Meriden has also been found an 

1 Chamberlin and Irving. Bull. 23, U. S. G. S.. 1885, pp. 100, 101. 

* Amer. Joum. Science, XXIV., 1882, p. 347. Bull. Museum Comp. ZooL, 
Geol. Ser., L, 1883, p 249. 

* Amer. Joum. Science, XXXII., 1886, p. 842. Amer. Assoc. Proc, XXXV., 
1886, pp. 224-227. Seventh Ann. Hep. U. S. G. S., 1888. Bull. Museum Comp. 
Zool., Geol. Ser., II., 1880, pp. 61-87. Amer. Journ. Science, XXXVII., 1889, pp. 
423-484. Meriden Scient. Assoa Proc, 1889. 
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excollont trainiDg ground for tbe Harvard Summer School of Geology. 
There is, however, Btill difl'orcuce of opiiiiou as to which of the tmp 
BhcL'tB lire of extrusive origiu, and it has tliererom seciiiod advisable 
to examine all the evidence thus far collected wbicii bearB on thie 
quQfitiau. 

2.— Means of Distinguishing Intnislons and Eztrusioos. 

Our belief ie that the eastern traps are extrusive sheets, which nore 
poured over the floor of the Trinsaio estuary from various aud undis- 
covered vents at several times during tiio deposition of the bedded 
members of the formation ; that three of the i^heets attained areoii of 
many square miles, — perhaps of several hundred square miles, — the 
second of tho tiiree being the sheet now seen in the main line of ridges 
from Branford northwai^ to Meriden and beyond to the Massachuaetts 
line, while tbe flret and third coustitute tbe anterior and posterior ridgra 
respectively. It is probable, also, that certain other eruptions occurred 
later, although the outcrops of their flows are not yet well correlated. 
If such be the facts, we should expect from our knowledge of existing 
lavas to 6nd mauy indications of the contemporoiicous origin of these 
sheets. Deposits of ashes and homba may reveal the tucus of eruption. 
- Uore or less disturbance may have been created in the unconsolidated 
sediments aa the lava flood advanced over them iit the bottom of tho 
estuary. Successive flows or intermittent advances of a single flow may 
have quickly followed one another, forming a composite Bheet of lava. 
AVhile the middle part of a flow would be relatively dense, the upper 
part would be vesicular, after the fashion of modern flows, and the sur- 
face might exhibit the ropy or clinkery character of lava streams. After 
the eruption, the igneous sheet would bo gradually buried by the con- 
tinued deposit of sediments that settled slowly down in all the cavities 
and inequalities of tbe surface, thereby acquiring a stratification in mi- 
nute accord with all its irregularities. Where the waves and currents of 
the ancient estuary were strong enough, clinkery fragments may have 
been moved about on tho surface of the sheet from tbe more exposed 
situations, and carried to the deep>er, quieter water, there settling down 
with finer detritus from a more distant source. 

On the other hand, if the lava sheets that we have pictured as eitni- 
sive were in reality intrusive, nearly every feature would be changed. 
The contrasted features of the two kinds of sheets must surely he 
distinct enough for preservation and detection. "We have therefore 
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searched the region carefully for all the outcrops and j^^pcnings that 
might give opportunity of testing these deductive possibiiitis?', {ind we 
now present the result of this search. 

During the progress of our field and laboratory studies, the laiti,er 
having been carried on by the junior author, we have looked fot. tbe 
results of similar studies in other regions. It appears from this thstt >■ 
the question as to the intrusive or extrusive origin of lava sheets is 
seldom discussed in detail ; as a rule, it has been settled by the citation 
of a few facts, without going through the greater labor of making com- 
plete diagnoses. We cannot therefore always determine whether all the 
criteria of intrusion or extrusion are present in the examples referred 
to. Opportunity for observation is often limited; search for outcrops 
is frequently hasty ; but the criteria that are cited are as a rule dis- 
tinctive. Putting all these together, we find that the facts indicative 
of an intrusion are as follows : — 

An intrusive sheet is not confined to a single horizon, but may break 
across the adjacent strata. 

The lower and upper portions of an intrusion are nearly identical. 
Offshoots may traverse the superincumbent beds for some distance from 
the main sheet. 

The texture of the mass is, with small exception, dense throughout, 
being uniformly tand coarsely holocry stall ine in the middle, but becom- 
ing very close-grained and glassy close to the upper and lower surfaces, 
with the development of marked porphyritic structure and of minerals 
not observable in the middle, and non-polarizing action immediately at 
the contact. 

A cellular or amygdaloidal texture is rarely developed, and when 
occurring seems to be confined to the upper portion of the sheet. The 
microscope generally does not discover a definite boundary or a tangen- 
tial arrangement of feldspar crystals around the walls of these psoud- 
amygdules, and their cavities are therefore ascribed to replacement. 

The porphyritic crystals of the upper surface are arranged tangen- 
tially to the inequalities of the enclosing rock, showing the former to be 
secondary to the latter. 

Enclosed fragments of the country rock may be found near the upper, 
as well as near the lower, surface of the sheet. 

The overlying rocks, as well as the underlying, are fractured and dis- 
turbed, and friction breccias are sometimes formed along the contact 
surfaces, the fragments from the intruded and the enclosing rocks being 
mutually and mechanically commingled. 




The beds' lilwve tho eheet, its well as below, may be altered by hcM. 
T!io altOj^ttOb is commonlj seen ia cLunge of color, induration, pro- 
duct ioD'uf'ucn' minerala, or the dsTeloponeDt of a local prisQiatio habit. 

. ■,_ Sfrong'ly contrasted with all these are tho features character! atic of 
. .-> jtraeioiiH ; — 

Ad extrusive sheet lies conformably oa the surface over which it wns 
poured. 

The lower and upper portiooa are strotigly unlike. 

The upper surface sometimes maaifesta a. ropy flow structure, and 
sometimes coDsist^ of a mass of cliukers. 

Vesicular or amygdaloidal texture is very common, especially new 
the upper surface, and Gometimes within the mass. 

A cuniposite structure, as of two or more flows, is not uncommou. 

Vesicles are often drawn out in a common direction, parallel to tho 
adjacent surface, and indicative of motion ; but greatly elongated 
" spike ■' amygdulea stand at right angles to the neighboring surfaoea. 
These amygdules are cominonty characterised by a definite boundary, 
and by a tendency to an arrangement of the adjacent feldspar cryetals 
paralle] to their walls, and are therefore regarded as the product of 
expanding gases. Pscud-amygdaloidul cavities are also common. 

There is a marked tendency to the development of a porphyritio 
structure throughout the whole mass. 

The overlying beds show uo evidence of alteration by heat. 

The overlying sediments are arranged conformably with the upper 
surface of the sheet ; open vesicles and the spaces between clinkers are 
more or less completely filled with sediments, deposited conformably 
with the surface on which they rest. 

A stratified mixture of clastic materials and trap fragments, the latter 
more or less water-worn, overlies the sheet. 

Extrusive sheets may be associated with ash beds and volcanic bombs, 
and with beds of volcanic conglomerate, more or less water-worn, in a 
horizon nearly continuous with the lava sheet. 

It may be added, that the effects of heat and of mechanical disturb- 
ance in the underlying beds are features common to sheets of either 
intrusive or extrusive origin ; and that absence of induration and ap- 
parently complete conformability with adjacent beds cannot be taken as 
proving estnision. 

Induration is one of the most commonly quoted efiects of the action 
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of igneous masses on adjacent sedimentaries. Percival makes frequent 
reference to it in his Report on the Geology of Counecticut. Yet, of all 
the above mentioned signs of intrusive sheets, it is perhaps the most 
difficult one to recognize. Simple induration is easily enough deter- 
mined with a hammer; but it is another thing to decide whether it 
results from well advanced cementation by minute deposits of calcite 
or quartz brought by infiltrating waters, or from baking by heat. The 
sandstone overlying Saltonstall or Pond Mountain at its northern end 
is excessively hard; but its hardness is due to secondary deposits of 
calcite, and not in the least to fmsion or baking. Moreover, it fre- 
quently happens that the beds overlying undoubted intrusions or ad- 
joining dikes are not hardened: this is commonly the case with 
sandstones, as, for example, on the back of Gaylord's Mountain. Shales 
are more affected by a dehydration of their clayey constituents, new min- 
erals being formed when the temperature is higher and water abundant. 
Sections cut from ordinary biscuit-ware show under the microscope no 
essential difference from the hydrous kaolinite from which the ware was 
made, excepting a greater compactness. The argillites of Somerville, 
Mass., manifest little local alteration near their abundant dikes ; as if 
the general metamorphic process which changed the original clay-beds 
into argillite had been so complete that the comparatively slight local 
influence of the dikes was not sufficient to carry the change any further. 
The ai^illites of Quincy, Mass., contain small garnets close to the large 
intrusions of the Blue Hills. The shales overlying the Palisade Range 
have been changed in color and texture so as to resemble homstone; 
biotite, hornblende, and epidote have been locally developed. 

The induration of the sedimentary rocks immediately overlying the 
trap sheets has not been neglected in the study of the ridges ; but while 
simple induration is associated in some cases with unquestionable signs 
of intrusion, it is found in other cases with equally decisive indications 
of extrusion, and we have therefore been driven to the belief that mere 
induration is by no means of constant occurrence or definite association, 
and that it must be regarded as of little determinative value, at least 
for the Connecticut eruptives. 

Our search for evidence of the origin of the trap sheets has been car- 
ried from the coast of the Sound, by New Haven and Branford, along 
the greater part of the various trap ridges, to Cook's Gap, west of Xew 
Britain. Attention has been given chiefly to the back of the sheets, 
for the upper contacts are much more significant than the lower ; but, 
although the upper contact lines must altogether amount to one or two 



hundred milea iu length, the numbor of oxpostiree upon tbcm ia tctj 
sdiilII. trjijMr cutitoctH are gonerHlly found iu streams tiiut descend tbe ■ 
buuk of the ridges, iind these havo therefore bceu eiamined must earefuUy. 
~" B list below wnlimceB all that we hiwe yet discovered. The localitiee 
we aumberod to correspouJ with the Bgtires on the map of Plate I.. 
1 are arranged according to the sheet to which we Buppose them to 

I belong, beginning with the trap range near the western border of the 
fonnntiou, and proceeding with the anterior, main, and posterior eheelB 

I forthor east ; these being interpreted as has been explained in enrlinr 

I Mticles.' Some specimena from tlio Palisiide Range of New Jersey, col- 
lected in 1883, are described with thpse from the western range of the 

I Connecticut Triasaic. The several sniiillcr Hd^a, not correlated with 
any of the sheets above named, have not been closely oianiined, and are 
not here referred to, eicept in locality 36. The pnges in Percival's 
Import en the Ocology of the State, where he describes the localities here 
iutioned, are added to our list, for the sake of convenietit referenue. 
Our descriptions are made as concise aa possible, in order to shorten the 
necessary repetitions ; several of the more interesting and instnictirti 
loealities are given more space in special accounts further on. Mention 
is made iu certain coses of peculiarities of structure that do not bear 

, directly en the (|Uestioti under investigation, pEirtly iu order that ob- 
Bprvations miirlit not be lost, and also iii the hope that the details thus 
collected might in time lead to new generalizations. Certain tnicro- 
Bcopicftl variations in the trap naturally resulting from differences in the 
conditions of sol id ifi cation are added to those which have a direct bear- 
ing on the question of origin ; not that they are criteria in theroaelves, 
but that they have become recognized as commonly accompanying the 
two kinds of eruption. For example, the occurrence of ptorphyritie 
crystals in an eruptive rock does not establish its extrusive origin, but 
extrusive sheets are notably more porphyritio than those solidifying 
beneath the surface. So, too, a holocrystalline structure does not war- 
rant us in saying that a rock ia undoubtedly intniaive; but intrusives 
are more frequently holocr^'stalline and cxtruaives more frequently 
glassy.' But we have not attempted to give a complete petrographio 
account of the specimens that have been examined. It seems advisable 
to postpone this until samples from all the Triassio basins of the Atlan- 
tic slope can be studied together, 

' Seventh Ann. Report C. S. G. S., 1888. 

* See, on the other hand, tlic account of recent lavaa from Rilaeea, in which g1«w 
is rare or wliolly absent. K. S. Dana, Amer. Joum. Science, XXXVII., 1889. p. 461. 
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8. — Gtoneral Features of Intrusive and Extrusive Sheets in 

Connecticut. 

GROUP L WESTERN RIDGES. 

Locality 1. Section numbers, 85-89. Local name. East Rock. PercivoTs Report, 

pp. 895-398. PercivaVs notation, W. S. L (1). 

Oeneral Account, — The southwestern face of this fine mass is well 
exposed in a strong palisaded cliff on the border of New Haven, below 
which the underlying sandstones can be seen at several points. The over- 
lying sandstone close to its contact with the trap was found on the 
northeastern slope, in the woods, about a third way down from the sum- 
mit. This rock is regarded as a part of the West Rock sheet, from 
which it is thought to have been separated by a fault ; similar faults 
of smaller throw are supposed to account for the notches in the south- 
eastern extension of East Rock itself. 

Sections cut from specimens taken from the upper contact and from 
four feet below it cannot be distinguished from sections similarly selected 
from the base of the sheet. 

The trap is wanting in vesicles of expansion throughout its mass, and 
15 holocrystalline except at contact with other rocks. Extremely close- 
grained and glassy at the upper contact, where it shows microscopic 
flowage parallel to surface of junction with the overlying sandstone. 
Sandstone directly above does not contain fragments of trap ; hand 
specimens appear much more dense than from beds distant from the 
trap sheet. 

Locality 2. West Rock. PercivaVe Report, pp. 394-896. PercivoTs notation, 

W. S. L (4). 

The general features of this ridge are like those of East Rock ; but 
no exposure of the upper contact has been found on its back. As far as 
seen, it is of dense texture, even in the uppermost parts exposed. The 
southern end of the ridge, where the underlying sandstone is quarried 
and exposed in contact with the trap, may be reached by the West 
Haven horse cars from New Haven ; the remainder of the ridge is 
wooded and less easily examined. 

Locality 8. Section numbers, 194-199. Gaylord^s Mountain, Roarinf^ Brook. Perci- 
vaVs Report, pp. 402-404. PercivaVa notation, W. S. II. 

Gaylord's Mountain is a slightly dislocated continuation of the West 
Rock range ; on its back, Roaring Brook has cut a picturesque ravine, 
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well known in the neighborhood and easily reached hy & walk of two 
miles and a half from Clieshire Btation of the New Haven and Norlh- 
aniptoQ liailroud, or hy a leas distance from the BtiLtioo of the sanie 
uaoie on the Meriden, Waterbury, and Connecticut River Railroad. It 
gives the only good espoaure of the overlying strata known to ua on the 
back of the western trap sheet, and deserves careful examination. 

The trap here is without veBicles throughout its mass; holocrystal- 
line except at contact with other rocks ; at its upper contact It is 
eitremaly fine-grained and glassy ; tlowage action is seen iu the micro- 
scopic arrangenieut of the feldspar prisms parallel to upper line of 
junction. Upper surface of sheet obliquely traverses the hods of the 
overlying sandstones and shales ; several amall oSshoots of line t«Kture 
extend into the overlying rock (Fig. 12). Peblily sandstone directly 
above the sheet does not contain fragments of trap, and is not per- 
ceptibly affected by the igneous raaaa even close to the junction; the 
shales that elsewhere approach the sheet are apparently indui'ated. I 
See special account. I 

Seclion nambert, 15-&5. Palisade Rouge, New JcTfej. m 

The easternmost or lowest trap sheet of the New Jersey Triaasic an*'] 
Beems to correspond with the lowest or westernmost sheet of the Con- 
necticut area, aud is theroforc referred to here in order to esteud the 
number of examples quoted. Its base is finely exposed in contact with 
the underlying sandstones at the Hamilton-Burr duel ground in W'ee- 
hawken, on the bank of the Hudson, opposite New York City ; this out- 
crop is well figured in Plate IV. of the Annual Report of the Kew Jer- 
sey Geological Survey for 1882. Other exposures of the underlying 
sandstone are common up the west bank of the Hudson, but contacts 
are relatively rare. The only upper contact known is one pointed out 
some years ago by Professor Cook (Geology of New Jersey, 1868, p. 201), 
in Englcwood, about a mile south of the station of that name on the 
Northern New Jersey Railroad, in a brook channel a few hundred feet 
west of a road. 

The trap of this sheet is dense throughout, as far as examined at 
numerous outcrops. Its tcsture is rather coarse in the middle of the 
sheet, but becomes very fine at lower and upper contacts. The adja- 
cent bedded rocks are distinctly altered from their original condition, 
with the development of now minerals. No fragments of trap ore 
found in the overlying beds. 

Under the microscope the trap is seen to bo almost identical with that 
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from Gajlord's Mountain, but more olivine is present in the holocrys- 
talline portions. Approaching the upper and lower contacts, there is a 
gradual disappearance of the augite and a decrease in the coarseness of 
texture ; the augite disappears at the contacts, porphyritic crystals of 
oliyine become abundant, and the rock is extremely fine-grained and 
glassy. Occasional pseud -amygdaloidal areas occur in the trap; but 
no yesicles due to the expansion of occluded gases have been observed. 

GROUP II. EASTERN TRAP RIDGES. 
Division I. Antbbiob Ridges. 

Locality 4. Section numbers^ 26-28. Anterior at northern end of Totoket Mountain. 
PercivaVs Report, pp. 844, 346. PercivaVs notation, A. 1. N. of E. II. 

The ridge anterior to Totoket has few strong outcrops ; the one here 
referred to is at the north end of the main sheet in a stream bank, 
east of S. W. Leper's, South Durham (Fig. 3). Best reached by stage 
from New Haven to North Guilford. Base of sheet for a thickness of 
eight feet consists of a breccia of scoriaceous trap and clastic material, 
cemented together by quartz and calcite ; upper part extremely vesicular ; 
no upper contact found. Lower portion glassy and porphyritic. 

Locality 6, ) mile S. E. of East Meriden. PercivaVs Report, pp. 802-305. Percival's 

notation, A. I. of E. III. (3). 

The anterior to the long Durham range is traceable for many miles, 
but is often heavily covered with drift. The bluffs of the ridge are of 
the ordinary dense trap, and its back is as usual vesicular. About a 
quarter of a mile south of Black Pond, near East Meriden, there is a 
faint depression in its back, and here the ground is covered with 
numerous fragments of sandstone containing pieces of vesicular and an- 
gular trap (Fig. 13). A shallow opening w^ould secure excellent speci- 
mens. It seems as if there was here a depression in the surface of the 
sheet, into which local fragments of trap were washed with sand from a 
more distant source. 

Locality 6. West of northern end of Higby Mountain. PerdooTs Report, 
pp. 862-365. PercivaVs notation, A. 1. of E. III. (4). 

The gap between Higby Mountain and Chauncy Peak is followed by 
the Meriden, Waterbury, and Connecticut River Railroad, and by the 
highway from Meriden to Westfield (Fig. 4). A road branches from 
the latter in the gap, and runs south on the amygdaloidal back of the 
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unterior ridge. Following it about a tbird of a mile, and then tiiraiag 
west into the woods, ft few ledges are found coneisting of nshes and 
bombs, aucli as are more fully deseriljed uuder locality 8. Half a mile 
&rthcr Boutii, tbe aaudstone lying on tiie back, of the highly vesicular 
trap is oipoeed ia the rotwiside. Numerous vesicular fragments of trap 
are included in the sandstone. Clastic depoaits are seen in man; of the 
vesicles in these fragments. 

Loeoiil^ 7, Southwesl and west of ChHuncy I'cnk, fcrcrW» Rtporl, p. 36J. 

PcniKaVi Boiudun, A. E. lU. (6). 
The road from Meriden to Weatfield crosses this anterior ridge about 
half n mtlo southwest of Chauncy Peak, and tbe abovc-nieDtioned auh 
and bomb structure is visible iu roadside cuts (Fig. 5, locality "'). A 
fenn road follows the vesicular back of tbe ridge to the northwest, and 
tbe ledges to the west of it show the same structure again, locality 7. 

Loealili/ 6. Siellan nvmbtr; 83, M a, 20&-2tS. Anterior of Lamentation Moantsio. 
Peteii-aTt BtpoH, pp, 306, 208. Pti-c'vai'i noialion, A. of E. IU. (5). 

The rood from Meriden to Berlin follows the base of the ridge ante- 
rior to Luiiieiitation Mountain for some (iistance (Fig. 6). About two 
miles north of Meriden, a curious bliilf of volcanic ashes and bombs is 
seen iu the face of the ridge, locality 8. The underlying sandstone is 
first seen at the foot of the blulT; the overlying sandstone ia found by 
crossing the ridge to its eastern slope, locality 8', passing several trap 
ledges in tbe woods on the way. 

The trap is underlain by a bed of fine lapilli, about thirty feet 
thick, containing numeroiis rounded blacks or bombs of dense trap, 
from six inches to three feet in diameter ; one of these blocks ia half 
iinliedded in the underlying sandstone. This basal ash bed is un- 
doubtedly tbe same as the one mentioned in the two preceding local- 
ities, but it is not seen much farther north ; half a mile in that direction 
there is a local trap conglomerate in the same horinon with the anterior 
sheet ; vesicular and water-worn pebbles are here interbedded with sand, 
as if this point were n«f far distant from a wave-beaten margin of tbe 
anterior lava sheet. The trap of the ridge is frequently cavernous 
and amygdaloidnl, and remarkably so near the upper surface. No local 
closeness of grain at upper contact ; overlying sandstone deposited 
parallel to inequalities of trap surface ; fissures and vesicles near sur- 
face filled with sand, connecting upwards with overlying sandstone. 
Fragments of vesicular trap and abundant giuins of water-worn glassy 
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trap in sandstone at contact ; two thin tufa beds a few feet above trap 
sheet. See special account. 

Locality 9. Anterior to Cat Hole Peaks. PerdvaTs Report^ pp. 875, 376. 
Two small openings in the anterior ridge east of the Meriden poor- 
house, a mile and a half northwest of the city (Fig. 6), expose the lower 
part of the sheet. It is generally of dense structure, but presents ex- 
tremely irregular forms, as if consisting of ropy masses of flowing lava ; 
the spaces between these masses are filled with a much weathered 
loose material that may perhaps be lapilli ; there are numerous *' spike *' 
amygdules (see special account of locality 13) near and at right angles 
to the convex surfaces of the lava masses. The upper portion of the 
same sheet, where seen on roads on the back of the ridge, locality 9', is 
highly vesicular. 

Locality 10. Anterior of Notch Mountain. PercivaCs Report^ pp. 875, 876. Perci- 

vol's notation^ Ant. to E. IV. 1 (3). 

A hundred feet southwest of the Meriden poorhouse, the sandstone 
appears a little above the trap of the anterior sheet to Notch Mountain 
(Fig. 6) ; a small piece of vesicular trap was found in it. The same 
anterior sheet, where exposed in the Reservoir Notch, a third of a mile 
to the west, is extremely vesicular in its upper part. 

Locality 11. Anterior to Shuttle Meadow Mountain.^ PercivaVs Report, 
pp. 375, 376. Percival's flotation. Ant. to E. IV. 1 (4). 

A few poor exposures in the road on the back of this anterior, half a 
mile south of Shuttle Meadow Reservoir, reveal weathered fragments 
of vesicular trap in the sandstone overlying the sheet. Some of the 
vesicles in these fragments contain clastic deposits. 

Locality 12. Anterior to Farmington Mountain. Percival's Report, pp. 376. Per- 

cival's notation, Ant. to E. IV. 1 (9). 

An excellent exposure of this anterior is found about a mile east 
of Farmingjon, directly north of Stetson's house (Fig. 7). Middle of 
sheet dense ; bottom sparingly cavernous ; upper portion generally 
8ub-amygdaloidal to cavernous ; very vesicular at upper surface, where 
numerous vesicles are filled with indurated bitumen ; * surface of sheet 
very uneven, with sandstone conformably filling hollows and open vesi- 
cles; intimate mixture of trap fragments and sand grains on upper 
surface. 

1 Called "North High Rock" in Bull. Mus. Comp. Zoiil., 1889, No. 4. Fig. 13. 
« Percival, Geol. Conn., 1842, p. 875. 
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Loealilj IB. Stcilannumben.n^lSik Fnnnington River Gap. Tariffville. per- 

cival's litport, pp. Sai. 893, PtrcicaVi HOliKwn, A. tu E. IV. a (2). 

Tho main and tuiterior ridgns are traversed by the Farmington River 
at 'I'arilfviUe (Fig, 8) ; tho Counecticut Westeru Kailroad passes through 
the i^ip and exposes the complex structuro and the upper surface of 
the nnterior ridge in a long cut a quartfjr of a mile oast of the vil- 
bge. ThB upper surface Ib seen agaiu on the east bank of tlie rirer, 
just above the rood briiige.' 

A double sheet, as if of two flows. Lower sheet general]}' dense ; 
Bub-ttuiygdaloidal, very porphyrilio and glassy toward upper surface ; 
upper portion veiy vesicular, and tiuar surfaee contains " Bpike " aaiyg- 
dules. No local close grain in trap at top of sheet; sand gmins 
couformably Btratitied in vesicles and fimall trregularitiea of surface ; 
mixture of large iind small fragments of trap with sand over surface, 
this niiitnre passing laterally into a tufa bed ; trap fragments often 
rounded aa if wnter-wom. 

Upper slioet cotnpact at tho base ; siib-amygdaloidal and resicular 
in upper portion ; gtmerally very porphyritic and originally poBaeaaing 
n glassy base ; overlying sandstone not seen in railroad cut, but well 
diown oil opposite river bank below, locality 13', where it oameit 
numerous trap fragments. See special account. 



Locaiily 14. Seaioi 



pp.3 



Saltonstall or Pond Mountain is the southemmoBt member of the 
eastern main trap range ; it forms a well marked crescentic curve, with 
Saltonstall Lake lying along the inner side. An under contact, lo- 
cality 14', is found in the cut of the Shore Line llailroad, a quarter 
of a mile east of Fair Haven station, and an upper contact is almost 
revealed at the enatem end of the same cut. The back of the sheet 
is very Bcoriaceous all along the shore of the lake, but no upper con- 
tact is found until the nnrtheastern end of the ridge ia nearly reached, 
wh(?n it is exposed in n little gully in the woods on the back of the 
sheet over a pasture, locality 14 (Fig. 2). 

The trap is porphyritic and wns originally glassy; at lower contact 

with Bandstone, tho trap is brecciated, fine-grained, and glassy ; slightly 

vesicular ; vesicles elongated, indicating fiownge action. Very vesicular 

' W. Norlh Rice, Amer. Joum. Science, XXXII , 1886, pp. 430-433. 
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and irregular texture near its upper surface ; stratification of sandstone 
conformable to irregularities in the upper surface. Intimate mixture 
of sand grains and trap fragments along and above line of junction ; 
surface fissures and vesicles filled from above with sand grains, distinctly 
stratified parallel with the sandstone bed above. The hardness of the 
overlying sandstone is due to induration by infiltrated calcite, etc., and 
presents no evidence of being derived from baking by heat. See special 
account. 

Loccdities 15, 16. Section numbers, 5-17, 77. Totoket Motmtain, inside south and 
north hooks. Percival*8 Report, pp. 336-888. Percival'a notation, E. II. 

Totoket Mountain is a well formed crescent, next north of ISaltonstall 
Mountain. Exposures of the upper contact with the sandstone were 
found in a stream, locality 15 (Fig. 2), half a mile northwest of North 
Branford, in the southern hook of the crescent ; and again in a stream- 
bed inside of the northern hook, locality 16 (Fig. 3). Another stream, a 
mile southwest of the last, locality 16', cuts a channel in what seems to 
be a bed of clinkers. 

The trap is porphyritic, and originally possessed a glassy base ; upper 
surface very vesicular and irregular ; sandstone lamination conformable 
to uneven contours of surface ; intimate mixture of rounded (water- 
worn) trap grains and sands at contact ; occasional trap fragments in 
sandstone for a few feet above ; clastic grains of trap, quartz, etc., fill 
vesicles, with lines of deposition parallel to the stratification of the sand- 
stone above ; sand in vesicles is connected with the sandstone above by 
narrow necks. The overlying sandstone, locality 16, is indurated by 
cementation, and shows no signs of baking. 

Locaiitjf 17. Section numbers, 204-207. Higby Mountain. PercivaTs Report, p. 351. 

Percival's notation, E. III. (4). 

The eastern base of Higby Mountain, south of the road from Meriden 
to Middlefield, is followed by the upper course of Fall Brook, which at 
a point about a quarter of a mile south of the road lays bare a valuable 
exposure of sandstone lying on the trap, locality 17 (Fig. 4). A second 
exposure is found a little farther south, locality 17'. Numerous frag- 
ments of vesicular trap enclosed in sandstone are found in the stream 
for some distance northward. 

The trap is porphyritic, and originally glassy ; upper surface very ve- 
sicular, much decomposed, and imeven ; not excessively fine-grained at 
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upper contact. Sand gmina fill vesiclea and irregularitieB of surface, 
coiiformiug iiluBi'ly to tbeir shape ; iutermiiturB of sudiI aud niiiuerous 
large luid Bmall trap fragraents along line of junction ; occaaioual 
rounded (water-worn) fragments of amjgdatoidal trap even five foeki^ 
above trap ahcet. | 

Locaiily 18. Stctioa nun'vra. 182-134. Lamentation Mountain. Ptrdval't Report, 

pp, 351, 362. Ptrcivai; noluliun, E. III. (C). 

A road passes the nortli end of Lanieutation Mountain and bridges 
Spruce Creek, that flowo^ northward troia the_ back of the mountain. 
KxpoHurca of aaudstono on the trap are found up and down stream from 
the bridge ; the boat locality is about an eighth of a mile up stream, 
south (Fig. 10), where the exposure is of much interest. 

Trap porphyritio and glaaity, particularly at upper surface ; upper 
eoiiliict not locally of close texture ; upper pi.irtion of irregular texture. 
highly vesicular, with uneven, rolling surface ; sand grains till fissures 
and vesicles near surface of trap ; narrow necks filled with the soaio 
clastic material connect these vosielea with the sandstone above ; iuti- 
mate and complicatcil mixture of sand and trap over the upper surface 
(Fig. 15) ; ijtratiG cation of aaud in vesicleB and above sheet oonformalile 
to surface, and generally parallel. 

Wnter-worn fi-agnients of veslculnr trap omir in sandstone for two 
or three feet above surface of sheet. The vesicles in these fragments 
oflen contain small particles of trap mixed with quartz and musoovite 
grains. 

Localilg 19. Section nmnbert, 136-160. Meriden City Quany. Perdcal'a Report, 
pp. 370, 371. Perck-ai't notation, E. IV. 1 (1). 

The small easternmost ridge of the Hanging Hills group (Fig. 5 
or 6) has been deeply quarried for railroad ballast and road metal at 
its Koutliem end, and now presents an excellent dissection of a complex 
trap sheet, — the most instructive quarry in the region. It is about 
a mile north from the centre of Meriden, The trap of the quarry con- 
sists of a lower and an upper portion, separated by a well defined surface, 
inclined to the eastward with the general dip of the Triassic monocline. 
The lower sheet is exposed for about ten feet below the surface of sepa- 
ration ; the upper, for siity or eighty feet above it. Lower sheet ei- 
tremolj porphyritio, vesicular, and glassy; upper part scoriaceous, of 
rolling, ropy surface, showing evidence of normal weathering previous 
to quarrying. A small amount of foreign clastic material occurs mixed 
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with scoriae at contact with upper sheet. No local close-grained texture 
at upper contact. 

Upper sheet dense as far as exposed in quarry ; becomes somewhat 
fine-textured at contact with lower sheet ; its original upper surface not 
seen in the quarry, but half a mile northeastward on the east side of the 
ridge, locality 19' (Fig. 6), the trap becomes vesicular. Several lines of 
fault breccia traverse the quarry, consisting of large and small angular 
fragments of trap contained in apparently unstratified sandstone ; often 
slickensided ; the trend of these breccias agrees with that of the neigh- 
boring faults, as determined by stratigraphic evidence. See special 
account. 

No other significant exposures of the main sheet have yet been found 
in its further northward extension in Connecticut. 

Division III. Postbbiob Ridges. 

Locality 20. Section numberSt 34-37, 74, 75. First ridge posterior to Saltonstall 
Mountaio. PercivaVa Report, p. 824. PercivaCt notation^ P. 1, £. I. 

The upper surface of this posterior ridge is exposed only near its 
northeastern end, at a road crossing, about a mile northeast of Salston- 
stall Pond (Fig. 11). Elsewhere the outcrops are generally dense, but 
sometimes vesicular on the bacic of the ridge. 

Upper portion of sheet very vesicular and glassy ; not locally close- 
grained at junction with overlying sandstone ; sand grains and trap 
fragments occur together at upper contact ; sand fills vesicles in trap ; 
occasional water-worn fragments of trap in the sandstone a foot or more 
above the sheet ; base of sheet sub-amygdaloidal. 

Ridges of very coarse trap conglomerate occur in the neighborhood, 
but their relation to this sheet is not yet clearly made out. 

Locality 21. Section number, 18-28, 187-103. Second ridge posterior to Saltonstall 
Mountain. PercivaVs Report, p. 325. PercivaTa notation, P. 2, E. I. 

According to our interpretation of the stratigraphy, this ridge is a 
second outcrop of the sheet already seen in the first posterior, here 
showing a western dip, as if on the eastern side of a synclinal ; its base 
is open in several small abandoned quarries near a road crossing, half a 
mile northwest of Branford station, Shore Line Railroad, locality 21 
(Fig. 1 1) ; and its upper surface, with something of the overlying sand- 
stone, is seen an eighth of a mile north of these quarries, on the eastern 
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Bide of a biurII pond, locality 21'. The great fmilt that nplifts the ciya- 
taUiacR on the eastern border of the TrJaaaic formation passes close to the 
Boutheaat of this ridge, and is probably the cause of the reversed dip of its 
alicet and of the local iracturo and overturning tlmt it exhibits.' Trap 
generally porphyritic and glassy ; dense at the lower contact ; several 
ospoBures of fault breccia with the sandstone (Fig. 17); trap sends 
minute tongues of pure glass into lower eaadatoue, and occasionally en- 
closes grains of quartz and felUspor. UigLly cellular at upper surface 
on northwestern slope ; its junction with sandstone above is not marked 
by local close texture ; aaudstone immediately above contains numerous 
fragments of vesioular trap ; intercalated beds of shale and trappy con- 
glomerate occur near base of sheet. 

Locality 2a. Section naabert, 81^ 40, 73, 78. Ridge nesr Miil<Ilefleld Station, 
Air Line Railroad. PtrcimTt Report, pp. 365, 366. Ferciml't notation, P. 2 (S). 
E. IIL {8J. 

This posterior ia traceable for several miles on the east of Durham 
Mountain, but the only satisfactory exposure is in a railroad cut, a little 
way west from Middlefield statiou, Air Line Railroad. Base of sheet 
sub-amygdaloidal as a whole, and locally very veaicular and iincvoD : 
subordinate intercalated layers of trappy shale and irregular masses of 
abundantly vesicular trap near base; aome vesicles filled with clastic 
gruiiis of quartz, feldspar, mu^covite, niid fru|_'iiicnts of glassy trap. 
Upper surface veiy vesicular. Trap generally glassy and porphyritic. 

Locatili/ 2S. Srelion numben. 24, 25, 72, Falle of the Aramamit River. PcttiWj 
Report, pp. 864, 355. Pn-ciuo/'s nWotion. P. 2 (N), E. III. (4). 

This is probably on the same posterior ridge as the preceding, although 
its direct connection has not been traced. Bock Falls Station of the 
Air Line Railroad ia close by (Fig. 9). Trap generally glassy and por- 
phyritic, and not locally close-grained at junction with overlying rock. 
Upper surface extremely vesicular, with many vesicles filled with clastic 
material connecting with the main mass of sandstone above by narrow 
necks. Trap grains mixed with trap fragments at contact and for sev- 
eral inches above. A beautifully water-wom pebble of trap was found 
imbedded in the sandstone several feet above the sheet. Drift boul- 
ders in railroad cut near by show contacts and mixture of trap and 
sandstone. 

< Amcr..Ioiim. Science, XXXI1.,I83G. p. 317; Bull. Museum Comp. ZoOL.GeoL 
Series, II.. 1889, p. 72. 
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Locality 24. Section numbers, 120-123. Highland Lake. Perciual's Report, pp. 336- 

83a PercivaVs notation, P. 4, E. III. (6). 

The ridge posterior to Chauucy Peak is cut near its southern end 
bj the Meriden, Waterbury, and Connecticut River Railroad, a quarter 
of a mile east of Highland station (Fig. 4). An excellent exposure. 
Under contact not shown. Trap generally dense ; originally glassy and 
porphyritic ; not locally close-grained at upper contact ; upper portion 
extremely vesicular ; sand grains filling vesicles and fissures, their lines 
of deposit conforming to the irregularities of the trap surface (Fig. 14) ; 
these deposits connected with the sandstone above by necks ; inequali- 
ties in upper surface of trap covered by conformably stratified sandstone. 
Numerous angular, vesicular, large and small fragments of trap lying 
above the sheet ; spaces between these filled with irregularly but con- 
formably stratified sandstone; vesicles in fragments filled with sand; 
some of the vesicles only partly filled, and in such cases the upper sur- 
face of the filling is parallel to the dip of the Triassic monocline. 

Locality 25. Section numbers, 124-131. Hartford Ave. and N. Stanley St., New Brit- 
ain. PercivaTs Report, pp. 381, 884. Percival*s notation, P. (e), E. IV. I. (7). 

The overlapping ends of the small trap ridges on the northeastern 
border of New Britain are regarded as faulted portions of a single pos- 
terior sheet ; a small stream fiows between them. The eastern ridge is 
quarried, and discloses the base of the sheet ; the upper contact is found 
where the stream runs on the back of the western ridge. 

Trap generally dense, but containing local amygdaloidal areas, sur- 
rounded by dense trap, as if produced by intermittent flowing; very 
vesicular at upper surface, and originally possessing a glassy base ; sand- 
stone immediately above contains water-worn grains and fragments of 
much decomposed trap. 

Locality 26. Section numbers, 162-156. Near Trinity College, Hartford. Percival's 
Report, pp. 386, 386. Percival's notation, P. ( f ), E. IV. I. (9). 

This ridge is of doubtful relationship : it may be a second posterior 
sheet, and therefore not directly comparable with the previous examples. 
Its middle portion and base are well exposed in large quarries. The 
trap is generally dense; triangular areas between the feldspars contain 
a little glass ; the lower portion is brecciated and extremely scoriaceous ; 
obsidian-like grains of trap in shale immediately under trap ; upper 
portion vesicular, but overlying sandstones not seen. See special 
account. 



BULLETIN OF THE 

4. — Special Aooounte of the more important Localities. 

Tlio fuilow ing more extended deacriptiona of cert»iu selected localities 
are oddud, to give a better uudoTBttiuding of ttie fulneas of evidenra ou 
the qiieatiou iti diaciission thau oiiidd be obtaiued from tlie foregoing 
Bumnmrj-. We thus present eiamples of wl>nt we interpret as an in- 
trusive (ibeet nt Itoariiig Brook, on G&ylord's Mountaio ; a bed of Tol- 
cauic asbes and bombs, presumably near tbo loctia of eruption of one of 
the exiriisive sbeeta, in tbe anterior ridgu of Laitientatiou Mountain ; 
the biiHc of an extriiaive sheet, at Hartford; tbe top of an extmaivu 
sheet in Sallonstall Mountain j and extruaiona of complex structure at 
lleriden and Tariffville. 

Roaring Brook, Gaylord's Mountain, Locality 3. — On entering tbe 

ravine of Roaring Brook from the drift plain at the eastern foot of Oay- 
lord's Mountain, oiituropa of eandatone are soon euoountored with dip (•{ 
40° to tbo eoatward. These are followed for eevonil hundred feet up 
stream until the rock in the stream bed is found to consist of fine-grained 
trap, the line of eontact having been passed unnoticed. A little search 
is needed to discover it, but when once made out it can be followed 
'with some distiuotuesa. In a general way, the trap sheet thus disclosed 
lies parullel with the beds above it, but on tracing its aurface up the ra- 
vine, it is seen to depart significantly from perfect parallelism and comes 
in contact successively with different beds. Moreover, it gives forth 
very distinct branches or leaders (Fig. 12), one of which extends for 
twenty feet into the overlying stmta. The margins of these offshoots, 
as well as tbe edge of the sheet itself, are tolerably even, in marked con- 
trast with the excessive irregularity of the upper surface of the trap 
alicota of tbe eastern ranges. The overlying beds give not tbe least 
sign of trap fragments which so generally characterize the beds lying on 
the hack of the eastern sheets. Taking all these features together, and 
placing them in contrast with those of the sheets ou the eastern side of 
the valley, there can be no question that their consistent differences 
are due to some fundamental difference in the manner of eruption of 
the lava. Wo are forced to the conclusion, that tbe western sheet has 
been driven iu between the previously deposited beds of sandstone and 
shale, while the others have been poured out on the surface of certain 
beds, and afterwards buried under others of later date. Study with the 
microscope confirms this conclusion. The trap of West Rock, a cou- 
tinuatiou of Uaylord's Mountain to the south, has been described petro- 
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graphically by Hawes, and classed by him as a dolerite.^ Sections from 
near the middle part of the trap sheet forming Gaylord's Mountain do 
not appear to dififer materially in their microscopic characters from those 
of West Rock. The trap is holocrystalline far from its upper and lower 
junction with the sandstone or shales, and, as has been pointed out by 
Hawes, is much less altered, and contains fewer hydrated minerals, the 
products of decomposition of the augite, feldspar, etc., than the erup- 
tive masses forming Saltonstall Mountain, or the Durham range, to the 
east. Hawes believed this difference to be connected with geographical 
location, and thought it had nothing to do with geological age.^ Ac- 
cording to J. D. Dana,' the great alteration of the trap in the eastern 
range took place at the time of ejection, and depended on the en- 
countering of subterranean waters which the molten rock took up in 
its passage through the sandstone strata. Hawes followed this view, 
and thought the eruptive magma might in such a way assume the 
diabase type, while under less liumid conditions the same magma on 
consolidating would form a dolerite. 

It appears, however, that the difference in the hydration of the east- 
em and western traps can be better accounted for by original structural 
and mineralogical differences incident to the very different conditions 
under which the several trap sheets solidified. This will be referred to 
again in the special account of Saltonstall Mountain. 

In the trap from Gaylord's Mountain, on approaching the overlying 
sandstone, there is a gradual fining of the texture and an increased ten- 
dency towards a porphyritic structure, the porphyritic crystals there 
being set in an undifferentiated, non-polarizing base. The augite occurs 
more rarely in well-outlined individuals, and constantly tends towards a 
granular structure. Olivine, which has been detected in minute grains 
in the same rock to the south, has once been abundant at the Roaring 
Brook contact, in well-outlined porphyritic crystals, but is now mostly 
altered to a fibrous grass-green to yellowish-green serpentine, or entirely 
replaced by pseudomorphous calcito or dolomite. The augite occurs 
less and less plentifully upwards, and at two inches from the junction 
with the sandstone it cannot be found even in grains. Accompanying 
the loss of augite and the increase of olivine, there is, especially at the 
contact, a development of a non-polarizing base in which are scattered 
innumerable acicular ledges of feldspar, some porphyritic, showing an 

1 Amer. Joum. Science, IX., 1876, p. 186. « Ibid., p. 190. 

• Ibid., VI., 1878, p. 107. 



arrftc^ement pamllcl to the adjacent surface of the BaadatuDe. The 
glnss; Imsc with its occumpouyiag dots of feniceia beet ehown in oectiuns 
from the uarrow leaders ruoning into the overlying aandfitoue (Fig, 1 2). 
These leaders peuotr&te the sandstoQe for a distance of several feet; 
the lar^^t, which is three inches wide at its bediming and over twenty 
feet long, in seen under the microscope to be nearly pnre gloss, in which 
mioute double relracting areas ore Abundant ; the smallest leaders urc 
muro threads, and in composition are eeseutiallT glass. 

Although as a whole the western trap is little changed, marked al- 
teration and hydration are ahown in the upiier snrface of the trap uf 
Unylurd's Mountain, and in the leadere ; and it is to be noticed in cou- 
noction with the much greater hydration of the Saltonstall range, tbM 
this zone of glassy trap corresponds to the general glassy base of the 
extrusive sheetB. By the association of the intrusive trap at Roaring 
Brook with the coarse sandstone immediately above, it has probably b«ii 
bruu(.'ht into eoutact with water to a greater or lesa extent, and put of 
its alteration may be attributable to this cause. No amygdules occur 
in the trap, except rarely one of a pseud -amy gdatoidal cbaraeter; there 
is no tendency towards a mixture of the two rocks along the line of 
junction, either of the kind seen above the extrusions or like the brec- 
cias known with certun intrusions. 

The micrnacope afford-s no evidence lli^t the coni;)oinenitin siintNtniie 
has been indurated by heat The saudstone is much decomposed, owing 
to alteration of its feldapathio constituents, and its grains are somewhat 
incoherent. This iailure to show induration does not, however, militate 
against the intrusive origin of the trap. Similar sandstone at the base 
of Saltonstall Mountain exhibits no greater evidence of heat induration, 
although it waa surely subjected to a high temperature. 

Ab far aa both microscopjcal and field evidence go, there can be no 
doubt that in the cose of Gaylord's Mountain we have & well marked 
example of nn intrusive sheet. No observers have given it a different 
interpretation. 

The Aik-bed in the Lamentation Anterior: Localittf 8 (Fig. 5). — Two 
milea north of Meriden, near the roiul leading to New Uritain, the fol- 
lowing section is esposed in the ridge anterior to Lamentation Mountain. 
The base of the bluff on the upper slope of the ridge shows a small out- 
crop of fine-grained, brownish red sandstone; immediately above this 
tliere are twenty or more feet of tufa-liko material, containing oval and 
discoidal areas of close-grained trap that we have interpreted as volcanic 



MUSEUM OF COMPilKATrVE ZOOLOGY. 119 

bombs. Above the tufaceous deposit is a sheet of very amygdaloidal 
trap, overlain by a dark pinkish gray sandstone, carrying two thin sub- 
ordinate layers of trappy material a few feet over the contact. In the 
hand specimen and under the microscope, this sandstone appears identi- 
cal with the fine matrix of a trap conglomerate noted by Percival as 
occurring half a mile to the north, and presumably forming the strati- 
graphical equivalent of the tufaceous deposit at this point The se- 
quence of outcrops here disclosed is one of the most valuable that it has 
been our fortune to discover, and has attracted much local attention 
since it was found in the spring of 1887. It will well repay attentive 
examination. The following account refers in greater part to its micro- 
scopic structures. 

Under the microscope the material of the bluff enclosing the volcanic 
bombs is found to be made up of small fragments of trap, generally very 
fine-grained and much altered. Small greenish brown areas dotted 
thickly with ferrite are non-polarizing as a whole ; these appear to be 
volcanic glass. A few porphyritic ledges of plagioclase occur in them. 
Most of the eruptive grains have been altered to chlorite and quartz, 
and are intimately mixed with granular calcite. The microscope fails 
to discover any grains of water-worn quartz or other clastic material, 
although it is probable that more or less normally deposited sediment 
occurs thinly scattered through the mass. No stratified arrangement 
of the trap grains is noticeable in the microscopic sections, except an 
orientation of chlorite plates parallel to the stratification of the sand- 
stone on the back of the ridge, and to a rude lamination brought to sight 
in the face of the tufaceous bed by weathering. Following Geikie, this 
bed would bo called a tufa, consisting of a shower of lapilli. It appears 
to have been de|)Osited rather rapidly in a body of water, and probably 
at no great distance from a point of eruption, as it soon disappears to 
the north and west. It is traceable a mile and a half to the southeast, 
in localities 6 and 7. 

The volcanic bombs occurring with the lapilli give the face of the 
bluff a curious mottled appearance. They show no definite arrangement, 
but are more numerous near the bottom of the bed, where one of them 
seems to have imbedded itself in the underlying sandstone ; they are 
remarkable for their non-vesicular character and their compact uniform 
texture from the centre to the surface. The microscope detects no 
variation in texture in any part except that due to a partial alteration 
of the surface. It shows them to be extremely close-grained, with por- 
phyritio crystals of augite set in a ground mass of minute plagioclase 



ueedles ftod brownish glasa. As regards tbeir origin the microsoiiic 
study yields no solution, but the Hold eviJenoc leaves litlle dotibl in the 
observer's mind. The tliin trap sheet overlying the lupilli is, wberevjir 
obaerved at this locality, more or less vesicular, and in maoy places 
cavenioua. The greatest vesiciilaritj is at its upper surface, and in the 
hand apccimeus from the cootact with the sandstone above the sand is 
seen to have minutely penetrated the cftvitios and fissures of the seoria- 
cuous uniygdaloid. The sand grains not only occupy surface vesicles, 
but they have percolated along' cracks and irregularities iu the tmp to 
a depth of two feet below the surface ; in some cases, they apparently 
lie between or eurrouud loi^e areas of amygdaloid. Irving speaks of 
similar phenomena in connection with the upper surfaces of oxtruaions 
in the Lake Superior region, and refers to tliera as sandstone " veins." ' 
The lamiuatioD of the overlying soudstooe is parallel to the surface of 
the trap, conforming closely to its minor irregularities. Fiowage action 
is seuu in the trap in the elongation of its vesicles. 

An interesting point is the oocurreuce of two t.hiti layers of tufa in the 
sandstone just above the trap, each about an inch iu thickness and about 
a foot apart. These layers appear in the hand specimeu of a rusty browu 
eolor, composed of water-worn fmgnienta of trap mised with clastic quarts, 
and have a much weathered appearaocc. Under the microscope their 
tufnteons character is well shown ; vesicular porphyritic trap grains 
abound; and others of non-poI arizing character are derived from yellow-' 
ish glass, now partially or wholly devitrified. Mixed with the trap frag- 
ments, there are abundant grains of quartz, muucovite, and orthoclase, 
probably derived from the crystalline rocks which surround the Triassic 
formation. The tufas as well as the sandstone effervesce readily with 
dilute hydtoiihloric acid, owing to the presence of secondary calcite. 
The saiulMtone owes its dark color in a large part to the presence of 
comminuted dust-like particles of estremely weathered trap, scattered 
through it and now altered to earthy chlorite and fine dota of ferrite. 

The several well-marked features of this interesting locality leave 
no doubt that the trap sheet here is of extrusive origin. 

Ilurtpird City Quarry. Locality 2C. — One of the posterior sheets, as 
yet not safely correlated with other outcrops, forms a ridgo of moderate 
hci<:ht, with strong western bluff, in the southern part of Hartford, 
where it is extensively quarried for road material. Trinity Collie 
stands on its eastern slope. 

< Copper-Bearing Rocki of Lake Superior, Monogr. V., U. S. G. 8., 1S83, p. 292. 



MUSEUM OF COMPARATIVE ZOOLOGY. 121 

The upper portion of the sheet is vesicular, but its upper contact is 
not seen. The under contact is well revealed in the quarry, and affords 
the best exposure for the study of the base of a sheet that we have 
yet found. It is of interest also as being the locality described many 
years ago by the elder Silliman.^ Yet this particular contact is not 
altogether characteristic of the under contact of most of the extrusive 
sheets, for as a rule the junction of the trap with the shale is without 
complication of any kind : one lies smoothly on the undisturbed sur- 
face of the other. 

The underlying shale of the quarry will be first considered. Four 
inches below the trap, the shale locally consists of tufaceous mate- 
rial. Eound and linear fragments of yellowish brown glass are seen 
under the microscope, thickly sprinkled with minute particles of some 
decomposition product of iron. These partially dc vitrified glassy areas 
are undoubtedly the remains of obsidian-like fragments deposited as the 
normal result of erosion from some volcanic flow, or as ejected matter 
from a volcanic vent. In either case, volcanic vents sent forth showers 
of ashes or flows of lava, presumably at no great distance from this 
point, and at the time of the deposition of the sandstone. 

The contact line between the bottom of the trap and the under- 
lying shale is as a rule irregular and indistinct. The lower portion 
of the trap for a distance of four feet presents a very vesicular and 
Bcoriaceous appearance, not unlike the upper surface of the lower flow 
exposed in the Meriden Quarry. The microscope shows portions of this 
scoriaceous material thickly sprinkled with well marked gas cavities, 
many of them having a linear arrangement, roughly parallel to the 
upper surface of the shale, due to the flowing action of the trap while 
in a viscous condition. The same parallelism is also well shown at the 
upper surface of the first flow in the Meriden Quarry, locality 19. 

The trap for a thickn&s of several feet is not only abnormally scoria- 
ceous, but is extremely broken. Irregular and rounded areas of vesicular 
trap are apparently cemented together by brown calcareous sandstone 
possessing a lamination generally i)arallel to the stratification of the shale 
below. The microscope shows these brown areas to be mixtures of 
secondary quartz, calcite, and a little chlorite, arranged in layers ; they 
must have been deposited by infiltrating waters. The texture of the 
trap gradually increases in coarseness as we approach the central part 
of the sheet, and then grows porphyritic and finer-grained near the up- 
per surface. Careful search has failed to discover its upper surface in 

> Amer. Journ. Science, XVII., 1829, pp. 121-182. 
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SalbrnMaU MtwMtain. LoeaLtiti U (Fig. 2) and 14'. — Tbe curved 
outline of thia rid^ •ecnas to Iw tbe remit of a gentle folding aflei 

tlic sl.et-t Ki/i taken its place ill the beddtd eehes, railiLT than a conse- 
quence ijf conditions attending the time of eruption ; the same maj be 
Aaid of tbe larger and somewhat more irregular curve of Totoket Moun- 
taiu, next to the north. There is an almost intuitive hesitation before 
the Biiif;:e«ition that anything so massive as a lava sheet could be folded, 
liut this must disappear on recalling the strong folds of the heavy sand- 
BtoncH of Pennsylvania, or the stupendous contortions of the gneisaic 
rocks on which the Triassic formation rests. If the sheet were intnisive, 
it rniuht, to be sure, have wedged its way in between the sedimentary 
beds after they had been tilted and gently folded, thus accepting their 
guidance as to the form its outcrop should present ; and this has been 
currently believed, both here and in the case of the similar but larger 
curvi:B of the tntp ridges in New Jersey. It is therefore of more than 
local imiMrtance to determine whether the Saltonstall sheet is an intru- 
siriu or an citnution ; for if the latter, it surely cannot have originally 
taken its present form, but must have passively suffered deformation 
from an iuitiul horizontal attitude. 

The small opportunity for observation of the contncta of this sheet 
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witb the adjacent beds has already been mentioned. The base is seen 
in the Shore Line Railroad cut, locality 14'. The back of the sheet 
has been carefully searched from one end to the other with no success 
except in the little gully in its northern hook, locality 14 (Fig. 2), but 
the general uneven and scoriaceous texture of its upper portion is con- 
tinuously visible for two miles or more as it dips uuder Saltonstall Lake ; 
this is seen to best advantage by rowing along the shore in a boat, 
which may be obtained at the southern end of the lake. 

The base of the trap sheet for a distance of several feet is decidedly 
amygdaloidal and close-grained ; and, owing to its broken character and 
the subsequent infiltration of secondary quartz and calcite, it locally 
resembles a breccia. Under the microscope, the trap is seen to be very 
amygdaloidal, and the vesicles are elongated by the flowing of the trap 
conformably to the line of junction with the sandstone below. Speci- 
mens of this breccia-like mass appear identical to the eye and under the 
microscope with those from the base of the anterior at the north end of 
Totoket Mountain, locality 4. 

Round areas of a brownish material resembling water-worn fragments 
of sandstone are apparently enclosed by the trap near its junction with 
the sandstone, but the microscope shows these to be secondary deposits 
in vesicles, and to consist of quartz and granular calcite, products of 
alteration, stained brown by iron. Similar areas are found at the base 
of a trap ridge on the northeastern limits of New Britain, locality 25, 
where Percival erroneously refers to them as consisting of dark red jas- 
per, the product of the indurating action of the trap ; * also at the base 
of the tufaceous bed of the anterior to Lamentation Mountain, local- 
ity 8, and at the Hartford City quarries, locality 19. A section of sand- 
stone three inches below the trap sheet of Saltonstall shows water-worn 
fragments of tn\p, and denotes that at the time of the deposition of the 
sandstone layers there were bodies of trap undergoing erosion in the 
neighboring region : they may have been derived from the front of this 
very sheet before it had advanced so far as the locality in question. 

The upper surface of the trap forming Saltonstall Mountain is ex- 
tremely vesicular and irregular ; the vesicles are sometimes well defined, 
sometimes vague, indicating both gas expansion and replacement as 
their cause. The texture shows a distinct decrease in coarseness as we 
approach the upper contact, although the upper portion, as a general 
rule, is more coarsely crystalline than tho lower portion in contact with 
the sandstone. Pumpelly speaks of this fining of the texture on ap- 

> Geol. Conn., 1842, p. 383. 




1:124 Bt;LLKTiN OF THK 

prooohing the upper Burface as ooinmou to all ntnygdaloidB ■tuftied 
hy biui ia coaneotioii with the coppor-licuriag rocks of Loike Superior ; 
and ttiese sheets are well known to be eitrueive.' It is to be noted 

' hero that coaraeness of texttire, even at the base uf lava flows, preaiim- 

I «hly depouds, other fictors being the snnie, on whether eitrusion takes 
place on land Burfaoes or under water ; eo that we should expect tho 
trap tti be much finer in grain when oitnision takes place uiider water, 

I since texture ia & functioD of rate of cooiiug. 

hen a section acrosa the upper contact is examined tinder the 

■ micruseope, the lamination of the sandstoue, whicli occupies the in* 
equalities in the upper snrfnco of the trap, is seen to cunfunu to the 
genoml contour of t)ie hollows, This coufurmity in unually visible in 
the thin section, even when not noticeable in tho hand specimeD ; it is 
of conjtnoQ occurrence in other localities along tho eastern ranges, and 
is highly significant of the deposit of the sandstone EiihsoquoDt to the 
oniption of the trap. Sections of the trap at the upper suiluoe of the 
sheet also exhibit vesicles, more or less open upwards, which are partly 
or wholly filled with stratified clastic dopoaita, connected with tho over- 
lying sedimeuts by narrow necks. lu some casos tho sand-filled cavi- 
ties aro apparently isolated in the trap, but this appearance is owing to 
the fiwt that the thin section k tmnsverso to tho opening along which the 

- aand grains filtered into the cavities. The clastic grains occupying 
the vosJi'lcn are lis-mllv of the most enduring niijiemh derived from tho 
ancient crystalline rocks, on tho side of the Triassic estuary : these are 
quartz, various feldnpars including microcline, hornblende, and niiisco- 
vite, cemented together by granular calcite stained red by foirio oxide. 
Small fragments of vesicular trap occur hero also, not the least interest- 
ing of the conatituenta Tlie grains first deposited are generally ar- 
ranged with their longer axes roughly parallel to the contour of the 
lower portion of the vesicle; grains later deposited appear approxi- 
mately parallel not only to one another, hut to the geneiul stratification 
of the main mass of overlying sandstone, and also to the stratification 
in a numljor of similar vesicles in the upper portion of the trap sheet 
at this point. So highly specialized an occurrence of clastic mate- 
rial in vesicles at the surface of a trap sheet can have but one inter- 
pretation : the trap sheet is extrusive. Like tho conformity of the 
sandstone or shale to tho upper surface of the trap, the clastic filling of 
tJie surface vesicles is very characteristic of the eastern ranges, and is 
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particularly interesting in the way it recalls the details of the slow 
process by which these trap sheets were buried. Irving mentions the 
occurrence of filled vesicles at the upper surface of the diabases and 
diabase-porphyrites of the Keweenawan series of Lake Superior, and 
cites it as one of the strongest proofs of the extensive origin of these 
rocks. ^ 

•Fragments of vesicular trap are not uncommon in the sandstone im- 
mediately overlying the surface of the sheet ; their edges appear some- 
what water-worn. It is of course possible that such fragments as these 
might have been derived with the sand from some distant source, and 
that they therefore do not in any way bear on the contemporaneous 
extrusion of the subjacent sheet. In such a case we should expect to 
find fragments of trap at various horizons in the Triassic scries, showing 
no definite association with the intercalated trap sheets, but this is not 
the fact. The sandstones and shales throughout the valley here and 
there contain abundant fragments of trap, but, except in a few cases 
that will be specified, the fragments occur only in the bed immediately 
overlying some one of the sheets of the eastern trap ranges ; the frag- 
ments are commonly vesicular, and as such cannot have survived long 
transportation ; they are moreover but imperfectly water-worn, if at all, 
and are sometimes angular, and can therefore be referred only to a 
source close at hand. It seems reasonable to conclude, on these several 
grounds, that the trap fragments in the sandstones that rest on the trap 
sheet of Saltonstall Mountain may be accepted as giving indication that 
the sheet had been formed before the deposition of the sandstone above 
it. The action of waves and tidal currents on the scoriaceous, irregular, 
and fragmental surface of a lava flow would be entirely competent to 
detach and transport relatively coarse pieces of the lava from more to 
less exposed situations, and mingle them with fine sands derived from 
more distant sources; and this process might continue with decreasing 
activity until the last remaining knobs of lava were buried under the 
growing sandstone cover. This interpretation is the only one that ap- 
pears consistent with the facts here noted. The sandstone lying on the 
back of this trap sheet is distinctly harder than is common in the region, 
and our first impression was that its hardness was due to baking, and 
that the trap sheet was intrusive ; but this is not in the least borne out 
by more careful study. The hardness of the sandstone is due to 
cementation by infiltrating calcite in chief part, and not at all to 
change from the ordinary structure of sandstone. The sandstone on 

1 The Copper-Bearing Rocks of Lake Superior, Monogr. V., U. S. G. S., 1883, 
pp. 79. 139. 140. 




the twok of the Totoket eheet, loootit; 16, in similArly iadunted, i 
nbuwfi an litLle mdicatiun of bakini;. 

Id review, it may be said tliat the aliaeuce of aoy tendency towards 
a fiuur urystuUiao texture in the trap iuiniediately at the contact with i 
the litrgor sundatoue areas, the highly vosioiiiar texture of tbe upjicr I 
portion of i.ho moMs, the parallelism of the axes of tlie sand grains nnil | 
of the lamination of tbe dep'isits that they form, the oonnectioi) of the 
sand filled vesiuloa by narrow neclcB with the aftodstoije above, and the 
occurroucfi of trap Iriigments in the overlying Buudatone beds, all porttt 
to the extnisive origin of the trap sheet, and to the aubsiiqnent dop(^ j 
sition of the sandstone upon it. After reauhing the concliisiott thut 
the Saltonstall sheet is extrasive, it may be proKtahly compared nith , 
the West Hock aud Caylord Moiiutain sheet. The lirst contrast to be 
mentioned, ami Ihu one most uonspioiiouB in the field, is the preaeuce of 
numerous vesicles in the up{)er portion of the eastern sheet, mid their 
absence in the western : this we would r^fcr to the small pressure 
upon the surfuce of the extrusion at the tirao of its cooling. The 
few vesicles near the base of the sheet may have been produced at 
the front of the advancing flow, when its thiukneiie was not so grent ua 
afterwurda. Next may be mentioned the gencml holocrystatline, mm- 
porphyritic, and relatively coarse toiture and the aniull degree of altera- , 
tion of the western sheet, while the eastern is more or less glassy and 
porphyritio throughout, and greatly altered. The eruption into water 
and the hif^hly scoriaceoOs texture of the upper portion must have 
favored ([uick cooling and Bubscijuent alteration in the eastern sheet, 
without normal subaerial weathering ; the effect of the presence of 
much glassy base must also be considered, for this is peculiarly prone 
to alteration ; it is now as a rule wholly devitrifled to chloritic sub- 
stances, microliths, ferrite, etc. But none of these factors could affect 
the intrusive sheets ; their imprisonment between the beds deep be- 
low the surface would allow them to cool slowly, and thus acquire 
a coarse texture, and would decrease the rate of hydration and altera- 
tion ; for those reasons we find them preserving in a great degree their 
ori;;inal characteristics. It should be noted, however, that inasmuch as 
a thin extrusive sheet is vesicular through a greater proportion of its 
roaas than a thick sheet, tliick lava flows may be much less altered 
than thin ones. Thus the heavy sheet of Mount Tom in Massachusetts 
is practically anhydrous, while the thinner sheet of Saltonstall Mountain 
contains 3.0^ of waiter.' Finally, there is a moat marked and per- 

' Hawes. loc. al. 
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sistent contrast between the features of the upper contact in the western 
and eastern sheets. These need not be again stated ; suffice it to say 
that the features of the western sheet demonstrate the trap to be sec- 
ondary to the sandstone, while those of the eastern sheet are equally 
conclusive in showing the sandstone to be secondary to the trap. It 
does not seem too much to say that all the many peculiar features of 
these two sheets find reasonable explanation as consequences of the 
strongly different conditions of their origin. 

The localities referred to above as yielding trap fragments, but not 
lying on the back of a trap sheet, are the trap conglomerate of the 
anterior to Lamentation Mountain, which is certainly the stratigraphic 
equivalent of the adjacent trap sheet ; the heavy trap conglomerates 
northeast of the first posterior ridge to Saltonstall Mountain, which are 
perhaps to be associated with the posterior, although probably dislo- 
cated from it by faults ; and a single case south of Durham, where one 
fragment of vesicular trap was found in a conglomerate, distant from 

any trap sheet, but near the eastern crystalline boundary of the foiv 
mation. 

Meriden Quarry, Locality 19 (Figs. 5, 18). — The Meriden City 
quarry, in the easternmost ridge of the Hanging Hills group, has been 
attentively studied, and with much profit. Suites of specimens were 
carefully collected from above and below the surface of separation be- 
tween the upper and lower masses of trap which appear here, with a 
view to examining the evidence of double flow presented. Numerous 
specimens were also taken from the linear breccias of sandstone and 
trap fragments which traverse the quarry, in order to compare them 
with fragments of sandstone included in trap, such as occur in a dike 
at Mount Carmel, locality 27, several miles to the southwest, and to 
discover if they should in any way bear on the intrusive or extrusive 
origin of the Meriden sheet. 

The lower mass of trap, a, a, Fig. 18, is seen beneath the upper, 6, ft, ft, 
on the west side of the quarry, where abundant evidence may be found 
to show that the two were produced by separate eruptions. They are 
divided by a somewhat irregular surface, like that of rolling ropy lava, 
and usually marked by a seam, more or less open to the weather. The 
lower trap is changed to a reddish brown color for a depth of three feet 
or more below its upper surface, and contains numerous amygdular areas 
of chlorite, giving it a mottled appearance, simulating an altered sand- 
stone to the eye. The reddish brown color gradually disappears down- 
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ledpM of aocDO triclink feldspar. The vbole is Mmented togptbvr I7 
qnarta asd caldta. There it no marked Undeue; tovanls a Btiati&ed 
anangoment or the graina, snch aa cbatactenm depoaition in wattv. 
The trap grains appear to have boon the roanlt of the cnmminution el 
KCffiB on tbo swfaoc of the loser shret dnnng the onlinaij pmgreaa of 
BObaerial eroeion. while the ocnsional grains or orthodase or qmuU 
naj bare be«n deposited bj wind or oireau actioo; and from this va 
have nipposed that the thickaeoa of the lo««r aheet was aooiewhat 
gnater than the depth of the water into wbiob it Sowed. Hit<^cock 
Inn;,' !.-.» i)oto,i thnt. ihe re].liliiiii tnicks in the wnid^toiiL's iu Massa- 
cIiuBctts occurred chiefly in the beds closely orerlying the trap sheets, 
as if the depth of the Tiiassic estuary had been decreased for a time by 
ttie laTB that had flowed into it. 

The lower trap of the quarry at ten feet below the red seam, where it 
is the least altered as far as the quarry exposes it, is finegrained, of 
n dark greenish blue color, and of a uniform texture, containing abun- 
dant aniyKdaloidal cavities. Mineralogically it is composed of extremely 
altered porphyritic crystals of plagioclase in a ground mass of minute 
crvKtnla of the same, which are in turn set in a matrix of the uoindi- 
vidualizcd base. The base in places is a yellowish green glass, and in 
others is wholly denitrified. The aiigite that it undoubtedly contained 
origitially Ima been entirely removed by alteration. Calcite and seenn- 
dary quart?, are abundant, the former so plentiful thnt the rock effer- 
vesces readily, even with ver^- dilute hydrochloric acid. Under the 
microscope, the rock appears profoundly decomposed ; its numerons 
amyiidiilcs being due to replacement, with the occasional exception of n 
well-outlined cavity, the result of gas expansion. Admitting the original 
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esence of augite, the lower sheet would be classed as a glassy form 

angite-porphyrite. 

The texture of the rock steadily grows finer, and the cavities due to 

B expansion more numerous, as we approach the surface of junction 

th the upper sheet ; and there is at the same time a marked increase 

the amount of glass forming the base. At five feet below the contact 

e vesicles occupy nearly one fourth of the space, and in slide 140 of 

r collection they are seen to be elongated pai'allel to the surface of 

ntact, as if indicating flowing action. The origin of the vesicles by 

a expansion is beautifully shown in this slide by the well marked 

agential arrangement of the feldspar crystals about the elongated and 

rtuous amygdaloidal cavities, conforming even to their minor irregu- 

ities. Sections from the red seam, just under the junction, show 

is portion of the trap to have been blown almost to shreds by the 

raping gases. The scoriaceous character here cannot be doubted ; 

[ly two thirds of the rock is made up of secondarily deposited calcite 

d quartz, filling the irregular cavities and vesicles of the porous mass. 

le inter-vesicular areas consist of a greenish glass, thickly sprinkled 

bh hair-like microliths of feldspar and an occasional porphyritic crystal 

the same. The red color of the seam is due to the formation of iron 

iquioxide. Hawes noted that the oxidation of iron-bearing minerals 

posed to surface weathering is from the protoxide to the sesquioxide 

.te, while the change is from one protoxide to another when not thus 

[K>8ed, as is true of the eastern ranges.^ It therefore seems likely that 

this instance the red color of the surface of the lower sheet indicates 

"face weathering before the upper sheet was erupted, thus confirming 

) suggestion already made, that the thickness of the flow was great 

)ugh to raise its surface above water. It is rare that this red color is 

in in the traps of the Triassic area. 

The scoriaceous character of the sheet at its upper surface is much 

•re strongly marked than in others thus far examined in the Connecti- 

; valley ; this is also thought to be connected with the appearance of 

> surface of the sheet above the surface of the body of water into 

ich it flowed. Cooling under the air must have taken place much 

s rapidly, and under much less pressure, than when below the water 

face, thus permitting a more complete expansion of the occluded 

168 and the production of a highly pumiceous surface layer. 

rhe trap of the upper sheet just above the red seam appears in the 

id specimen much less altered than that from below. Even at the 

1 Amer. Joum. Science, IX., 1876, p. 190. 
OL. rvi. — NO. 6 9 




contact with the scoriaceous upper aiirfai^e of the lower trap, tbe roek 

is suftitiently coai-se to detect jiorphjritic plagioclaae crystal b ; but 

sm3'gdiiles are entirely wanting, Uudcr the microscope a few pseud- 

amygdaloidiil areas are aoen. The rock shows evidoace of an origiual 

glassy buse, seen in the triangiilar areas between ledges of feldspar ; it ia 

inado up of triolinic feldspar, magnetite, and oucosionally a minute gmin 

of olivine. There is a slight local tendency toward a porphyritiu struc- 

turo ; but this is lost ten feet aUove the lower trap. Calcit« and clilorite, 

the uaual decomposition products, occur at the baeo, the latter being 

' Auflicteiitly abundant to give the rotk a greenish color next above the 

1 seam ; this is lost t«n feet above the contact, and tliu great mius 

of the upper sheet is of a very dark bluish color and bolocrystal- 

I line. The Diineralogicat composition given above is that of a normal 

I diatinse, thtf amount of olivine being so small that It cau hardly b« 

I olussud aa an oli vine-diabase. While the upper surikue of the lower 

tmp In abni>rmally scoriaceous, the base of the upper sheet is abaor- 

iniilly coarse and free from vesicles, as compared with other trap 

sheets resting on sandslunea or shales. This can be explained by the 

well known poor conductivity of volcrtlTic scoriaceous substances, whose 

proaeoco here permitted tho upper trap to cool and siilidify slowly, 

tnd produce a more complete cryflliilliialion. A practical illustration 

of the low conductivity of such mati-nal is found in Ibe ugo of ficum or 

slag from iron furnaces as a packing for steam pipes. 

The lower sheet may be confidently called an eitrusion, but as far 
as this quarry goes, there is nothing to determine the origin of the up- 
per sheet. This, however, is fully settled by the general field evidence 
of the region, which correlates this whole mass with the heavy sheet of 
Lamentation Mountain, and that sheet has been clearly shown to be 



The field evidence here referred to concerns the occurrence of faults, 
which, as is so generally the case, are at nearly all points buried under 
surface waste. It is therefore of particular interest to examine the 
bands of breccia {r, c, c. Fig. lb) by which the (luarry is characterized, as 
they are beat interpreted as small examples of the great dislocations by 
which the structure and topography of the formation are deciphered. 
The breccias therefore deserve attentive study. The apparently unbed- 
ded sandstone, of which they in good part consist, is best interpreted as 
a fine clastic filling of the fault fractures, derived from above, where the 
walls wore of sandstone or shale, and gradually filtered down among the 
large and small angular blocks of trap that were broken from the quarry 
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sheets ; but, on the other hand, the sandstone might also, until its con- 
tinuity in bands across the quarry was noticed, be regarded as fragments 
of sandstone picked up and included in the trap at the time of its erup- 
tion : not that such inclusions would necessarily indicate intrusion, for 
extrusive sheets are well known "to contain fragments oft he adjacent 
country rock. 

The general attitude of the several bands of breccia negatives the 
second interpretation. The bands all maintain a straight course 
through the quarry ; a single band may cut the lower, as well as the 
upper sheet ; the bands stand at right angles to the general extension 
of the sheets ; they are parallel to one another and to the course of the 
large faults by which the region is broken. The dividing surface be- 
tween the lower and upper sheet in the southern end of the quarry is 
seen to be dislocated by one of the bands, with small heave on the east, 
this being the relative displacement of the large faults in the region. 
Neglecting this sufficient series of indications of their origin, we ex- 
amine their structure more closely, and discover that they are fre- 
quently slickensided, and that the trap fragments that they contain are 
sometimes broken since taking their places in the bands. Moreover, 
these trap fragments are themselves included in the sandstone matrix 
of the bands ; the fragments are angular, and show no variation of tex- 
ture from centre to surface ; the sandy matrix contains small broken 
grains of sandstone, as well as of sand. Again, if the sandstone which 
accompanies the trap fragments had been picked up and included in the 
main mass of trap at the time of eruption, it should present evidence of 
the action of heat, as in induration, or more likely in some alteration, 
for the relatively small areas of sandstone in so large a mass of trap 
must have long been subjected to intense heat. With this idea in 
miud, a comparison was made of sandstone from the breccia bands with 
a block of sandstone in a large dike a little north of Mount Carmel 
station. New Haven and Northampton Railroad, locality 27, to which 
Professor Dana had called our attention. The blocks of sandstone in 
this dike are five or six feet long and two or more wide. When struck 
with a hammer they give a ringing sound, characteristic of induration. 
Sections of the sandstone show it to be principally composed of quartz 
grains mixed with fragments of feldspar, and closely cemented by a 
clayey material. While it exhibits no significant alteration in composi- 
tion from ordinary sandstone, it cannot be doubted that its exceptional 
density was the result of the dehydrating action of heat from the molten 
dike on the kaolinitc that formed the clayey cement. The contact of 
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the dike and sandstone ia sometimes blurred, as if they faad been lo- -i 
call; melted together ; and tlio toititre of tlie dike beeomeu finer ria UI^ 
proacbing close to the included Bandatooe fragments, just aa it does on 
approaching its sAndstone walls. 

Hetuniiiig to the quarrj, we find that the aandstone from the breccik 
bauds has no jndiciitioo of induration, exuept that resulting from the 
nioderate cocnentatiou of its clastic material b; seuondury quartx and 
culaite deposited around the grains. Seiitions of the sandstone in con- 
tact witli tlie included trap fragments aud with the main mass of the 
trap sheet show a well miirked laminated arrangement of the sand grains 
nearly parallel to the walls of trap and to the fncea of the trap frag- 
lueiits; this points dei^isively to the deposition of the sandstone poste- 
rior to the eruption and fissuring of the trap. There is also a laminated 
arrangement of the sand gruiua on all sides of the trap fragments, aa for 
BS examined, which we do not full<^ uuderHtaud, but which may be per- 
haps interpreted as indicating contiuued motion of the faulted masses 
while the breccia was still moist and soft, every trap fi-agment moving 
as a whole and thus calling for an adjustment of the sand groins around 
it. There is no change in the teitnre of the cncloaiug mass of trap on 
approaching the breccia bands, such as would certainly appear if tlie 
Bandstouee were inchisious. A change of texture is so charactoristio of 
rapid marginal cooling that it is ofton sitowu immediately at the bor- 
der of large amygdaloidal cavities, as has been mentioned by I'umpelly,' 
and as ia well marked in our slide HI, from near the upper surface of 
the lower trap iu the Meriden quarry, and again still better iu slide 
2!8 from the Middlefield Railroad cut, locality 22, in which a nearly 
spheroidal vesicle is surrounded by a layer of trichitic glass having an 
area as largo aa the vesicle itself. 

In order to apply this test carefully to the case in hand, several sec- 
tions were cut froiu the trap in the quarry, on cither side of the best ex- 
posed breccia, at the contact, and one and four feet away. These show 
no tendency towards a finer grain, or towards a development of porphy- 
ritic crystals or glassy character on neariug the breccia ; the character 
of the trap remains constant to the contact. Moreover, the angular 
fragments of trap in the breccia are of uniform texture, and are identical 
with the trap on either side, except for a little greater weathering in the 
former. These fragments may therefore have been derived by fracture 
directly from the enclosing walls; but certain minute grains.of very 
fine-grained decomposed trap, also occurring iu the breccia, appear to 

' Metuomatic DsTelopment of the Copper-Bearing Rockg. loc. «(., p. 288. 
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have been derived from the upper surface of the surrounding trap, or 
from another trap mass above. 

We therefore conclude, in reviewing the examination of the breccias, 
that sand and sandstone grains and a moderate share of rounded grains 
of close-textured normally eroded trap were all filtered together down 
the fissures that travetsed the sandstones and trap sheets, and that on 
reaching the points exposed in the quarry they found a confused mass 
of large and small angular fragments of trap, broken from the walls at 
the time the fissures were made, the whole forming a highly character- 
istic breccia. Such breccias are not uncommon in the valley, as at 
Branford, locality 21 (Fig. 17), where they are associated with the great 
fracture by which the formation is bounded on the east ; and in the 
Tariffville Railroad cut, locality 13, of minor importance. Percival knew 
a few of them, and called them " clay dikes." * While our conclusion may 
therefore be considered well supported, it must be remembered that 
the breccias do not afford any evidence as to the intrusive or extrusive 
origin of the trap sheets, and are therefore to be regarded as of secondary 
importance in this essay, however valuable they may be structurally. 

TariffvUle, Locality 13. — One fourth of a mile east of Tariffville 
station on the Connecticut Western Railroad (Fig. 8), a cut exposes a 
valuable section of the anterior ridge.* The greater part of the cut is 
in massive trap ; a narrow band of breccia occurs near its middle. At 
the eastern end of the cut, the upper portion of the sheet shows a thin 
bed of tufaceous material, which locally passes into a bed of trappy 
sandstone along the strike ; and above this there is a second sheet of 
compact trap of moderate thickness, with its upper surface lost in drift. 
The two sheets together constitute the anterior ridge at this place. 
There appears to be little if any lithological distinction between them ; 
they are both glassy varieties of augite-porphyrite. The upper surface 
of the lower trap, although generally amygdaloidal, is not so much so as 
is usually the case. Immediately beneath the sandstone layer, the 
amygdaloidal cavities have an aberrant character, being several inches 
in length and generally about one fourth of an in inch in diameter, with 
their longer dimension normal to the surface of the sheet. Amygdules 
in such cavities have been described from one of the extrusive copper- 

1 The relation of these breccias to the faults of the region is more fully dis- 
cussed in a previous Bulletin of this volume, No. 4, p. 77. 

' See an account of tins locality by W. North Rice, in the Amer. Joum. Science, 
XXXII., 1886, pp. 480-438, where it was first brought to public notice. 
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bearing traps ia the Lake Superior region, whore many or tbem irere 

composed i if native copper ; heuce the tiame " spike am ygdules," aa giTen 
by Pumpi'Ily,' Irviny also mentions them from the same locality, and 
Hftwea refers to similar ones occuriug in the trap of Connecticut aa 
" pipe-stem " amygdules.' Nasou notes their occurrence in the trap of 
the Watuhung Mountains in New Jersey,* which Darton thinks is of ex- 
trusive origin,* and Wincheil reports them in greenstone from The»- 
aalon Point, Ontario.* Their ocourreooe in the lower trap of the 
Tariffvtlle cut ia rcHricted to a zone of little depth near the surface of 
the sheet, where it easy bo Bupposed that CBCBpiiig' gases found the 
easiest direction of expansion to be toward the surface ; henc« their 
peculiar position. A fortunate breaking of the trap may liberate ono 
of these rod-like amygdules ; they are composed of concentrically de- 
posited calcite with a chlorite centre, or more rarely the chlorite centre 
is wanting and the auiygdnlo ia now hollow. An occasional amygdule of 
ordinary form associated with the spike amygdules is beautifully banded, 
with its lamiuatioD parallel to the stratification of the sandstone above, 
and hence dipping with it at the same angle, about twenty-five degrees 
southeastward. Under the microscope, the bauds are seen to be com- 
posed of graunlar calcite and secondary quartz, the banding being due 
to fluctuatione iu the supply of ferric iron during the proce^ of filling 
the vesicles. The lower part of the amygdules is extremely granular and 
ferruginous ; the upper part usually consists of composite calcite indi- 
viduals, and is free from iron. Some amygdules near the surface contain 
grains of clastic quartz or or-thoclase lying in the calcite filling, as is so 
common in the eastern sheets, and arranged with the mnjor axes of the 
particles parallel to thebedding uf the sandstone and lamination of the 
amygdule. Cavernous amygdnies with banded structure were also 
found in the Farmingtoa anterior ridge, locality 12, Their only other 
occurrence in this country as far as known, is in the amygdaloidal mela- 
phyae at Brighton, near Boston, Mass., where the great number and 
essential parallelism of the bands to one another, and to tlie bedding of 
the overlying slates, has been taken to indicate deposition of some kind 
guided by ^avity.' In all these cases it may he fairly argued that 

» Proc. Amer. Acad., XIII., 1877-78, p. 296, 

" Amer. Journ. Science, IS.. 1875, p. 191. 

» Geol. Survey ol N. J., Report for 1888, p. 37. 

* Amer. Journ. Science, XXXVIII,, 1889. p. 134. 

s Geo!, and N. R. Survey of Minn-. XVII., p. 15, Plate I. 

• Proc BMton Soc. Nat. Hist., XX., 1878-80, p. 428 
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the accordance of the bands in the various amygdules with the bed- 
ding of the adjacent sedimentary layers demonstrates the eruption of 
the igneous sheet before the deformation of the whole mass ; but 
manifestly it does not bear on the manner of its eruption. 

The microscope reveals a marked decrease in the coarseness of the 
texture of the trap upwards as the overlying sandstone layer is ap- 
proached at the eastern end of the railroad cut, and a corresponding de- 
crease in the freshness of the rock ; but the texture nowhere becomes so 
fine as that on the back of Gay lord's Mountain. The intermediate 
sandstone at the south end of the cut contains fragments of amygdaloi- 
dal trap in abundance, often water-worn ; but a little distance to one 
side, this mixture is replaced by a strongly marked tufa bed in the same 
horizon, resembling in color and appearance the lapilli from the ash and 
bomb deposit in the Lamentation anterior, locality 8 ; under the micro- 
scope it shows decomposed fragments of glassy trap in a cement of 
calcite and chlorite with occasional fragmental grains of quartz and 
xnuscovite. 

The upper trap sheet does not present significant features in the 
railroad cut, but descending to the river and crossing by the road bridge, 
where its upper surface is apparently found, several exposures occur a 
little way up stream, in which there is the usual mixture of trap frag- 
ments with the sands of the sandstone that overlies the sheet. This is 
thought to be the upper surface of the upper anterior sheet, because no 
other trap outcrop is to be seen until the base of the heavy main sheet 
is reached. 

The breccia in the middle of the cut resembles the breccias of the 
Meriden quarry, but is much narrower, being only four to six inches 
wide. It is a fissure in the trap, on which some slight faulting has 
taken place, as is shown by slickensides ; it is filled with a mixture of 
sand and angular trap fragments, and was undoubtedly formed posterior 
to the production of the trap. 

6. — Conclusions. 

It is difficult for those who have become convinced of the correctness 
of a certain conclusion to state in an impartial manner the evidence on 
which the conclusion rests. We shall therefore not attempt to review 
all the evidence presented above, but will briefly call attention to the 
uniform association in the eastern trap ranges of the numerous chnrac- 
teristics of extrusive sheets, while the western trap range as consistently 
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EQanifestB the eeyeral ohamcteriatics of an iotrHsive sfaeet It mnst bs 
remembered, too, that of the numerous localities instaoced on the east- 
ern ranges, nil (with ono exception, Hartford) belong to onlj tbree 
extrusive sheets; and hence the evidcni.'e that lit foiitid at one point 
supplements or oonftrros that fottod at aootbsr iu a most satisractorj 
itiniinor. All this seems to na to be beyond esplanalion either by acci- 
dental coinuideuce or mistaken idontilication. While judgment might 
wi'll be suspended if our argument restpd on single esaniplea, or on nu- 
merous examples confiiseilly arranged, it is difficult, even if necessary, to 
maintain an open mind -in the face of evidence at once so full, so varied, 
and so accordant If all the trap abeeta of the region were of ono 
kind, the argument would be weakened ; for in the absence of either 
kind of sheet, the peculiaritiea of the other would not be illumined by 
tbo light of contrast. The presence in the single region nnder oouald- 
eration of nheota with the features of intrusious and extrusions there- 
fore greatly iucreaaeB the confidence that one may feel in the caae, and 
warrants the acceptance of those sheets thut we have called extrusive 
«s conformable and conteraporaneous members of the Triassic scriea, by 
means of which the dislocations of the formation can be detected. 

The fullest statement of the method by which the extrusive trap 
sheeta can be thus employed is given in the article above referred to,' 
by the senior author, in which the process of investiirntion followed by 
the advanced section of the Harvard Summer School of Geology during 
a week's work about Meriden is presented in detail. It is now our 
design to continue the investigation in the district northwest of Hart- 
ford, where a preliminary excursion has indicated a change in the course 
of the faults from the uniform northeast trend that they possess in the 
Meriden district. When the faults arc mapped out over a considerable 
area, comparison con be made between their course and the strike of the 
schists on either side of the Triassic valley, on which the course of the 
dislocations is thought to depend. 

' The Fault!' in Hip Triasnic Formation near Meriden, Conn,, BuU.Muieum Comp 
Zool., Geol. Series, I.. 1880, pp. Ql-87. 
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EXPLANATION OF PLATES. 



PLATE L 



Fig. 1. Map of Triassic area in Connecticut from Long Island Sound to the north 
bend of the Farmington River, based on Percival's map in liis Geology 
of Connecticut. The numbers in circles refer to localities on the sev- 
eral trap ridges described in the text, and in most cases figured on 
a larger scale in later plates. See page 104. 

Plates n. and III. contain outline maps traced from town maps in countj 
atlases, the trap ridges being sketched in black ; they cannot claim 
much accuracy, but will probably serve as guides to the localities 
that furnish exposures of critical contacts. 



PLATE IL 

Fig. 2. Af^acent ends of Saltonstall and Totoket Mountains. For locality 14, 

see p. 110 ; locality 15, see p. HI. 
Fig. 8. Nortli end of Totoket Mountain. Locality 4, see p. 107 ; locality 16, see 

p. 111. 
fig. 4. North end of Higby Mountain. Locality 6, see p. 107 ; locality 17 and 

17^ see p. Ill ; locality 24, see p. 116. 
Fig. 6. Chauncy Peak, south end of Lamentation Mountain, and Quarry Ridge, 

Meriden. Locality 7 and 7^ see p. 108 ; locality 8 and 8^, see p. 108 ; 

locality 10 and 10", see pp. 112, 113. 
Fig. 6. Kotch Mountain and eastern ridges of the Hanging Hills. Locality 9 

and O', see p. 109 ; locality 10, see p. 109 ; locality 19 and 19^, see 

pp. 112, iia 



PLATE m. 

Fig. 7. Farmington Mountain and its anterior ridge. Locality 12, see p. 109. 
Fig. 8. Farmington River Gap, at Tariffville. Locality 13 and 13^ see p. 110. 
Fig. 9. Rock Falls of Aramamit River. Locality 23, see p. 114. 
Fig. 10. North end of Lamentation Mountain. Locality 18, see p. 112. 
Fig. 11. Posterior ridges to Saltonstall Mountain. Locality 20, see p. 113 ; locality 
21 and 2V, see pp. 113, 114. 




Fig. 13. Angular frftgmpnls or trap i[ 

>r ndgt of lligl); Mou 

den, localitj 5. See p. 107. 

fig. l-L Drswinf; from a micruiilii>togra(ili ot s Beotiun of vesiculnr trap from tl<e 
ridge posierior to Chsuncj I'eak at Highland Lake, lot^atity 24. Tlit 
trap ia black, with white areaa represeDting minutu pacud-amfgduln 
and an occiuional prism of plagioclaM ; the large central apace wilhio 
tlia trap is an amygdule, conlaining claaCic malerinl (dotti'd) at the 
bottom, with the onuc Iiariiuntal lines of depniilion now titled parallel 
to the general mtinouline ot the region; tlie upper part of Ilie amjg- 
dule is Slleil wltll caluile, of whkh paTt ii stained with some fermgl- 
nous material (fine lines), and tlie reit la compaille crystalline caldle 
(blank). Seep. 116. 
Drawing from pliotograph af sandstone in conlact with vesicnUr upper 
surface of trap, forming lamentation Mountain. Incnlilj 18. The 
e the thin walls separating vebit'les ; white spaces tte 
amygdules of calcitc. S^e p. 112. 
Drawing from photograph of hand specimen of sand grains tilling open 
veaiclea in trap. Failg of the Arnmaniit iiircr. Two vesicles have 
lower bands of calcile. and the remaining space filled with cIeMIg 
material. Iiocalilj' 23, fee p. 114. 

Fig. 17. Breccia from fault in a road^eut in the second posterior ridge to Sallon- 
Btall Mountain, near Branford, locality 21. This fault is probably a 
branch of the great fault by which the Triassic formation ia limited on 
Ibe east. See p. 114. 

PLATE V. 

Tig. 18. The City Quarry at Meriden, looking northwest ; locality 19. a, a, 
the lower Huw in the loutliern pan and the western alcove of the 
quarry : b, b. b, the upper flow, forming moat of the mass here exposed ; 
c, c. c, breccias of angular Imp fragments and sandstone, traversing 
the qnnrry. See pp. 112. l',!7. The northern extenaioD of Cat-hole 
Kiitge is seen in the distance. 



DAVIS A WHITTLE. TRMSSIC TRAP SHEETS. 




Phita Lith ^l..S.Vwiiifmk.V».f< 




1 



S & WHITTLE, TRIASSIC TRAP SHEETS. 




pKntaUth )>)t..S.Pw«««v.V%wv. 



Ji WHtTTLE. TRIASSIC TRAP SHEETS 








J^^Sf'^ 






berBIn 




^ 




w 


"l\ 




/jKJA 


7 


s ' 11 — ^ 




/ Al^ 




1. 


y 

1 


m^w 


/ 


^ 


/ ;v^ 


^ 






DAVIS & WHITTLE, TRJASSIC TRAP SHEETS. PUTE IV. 




L.^.VontHm V ^ wl. >u 



DAVIS 4 WHITTLE, TRIASSIC TRAP SHEETS 







■^.S.Pmt^wiw V.^wi,'*' 



No. 7. — The Topography of Florida, by N. S. Shaler. With a 

Note by Alexander Agassiz. 

[Published by Fermission of the Director of the U. S. Geological Survej.] 

Both in its general form and in the detail of its surface, Florida pre- 
sents many interesting features. I propose in the following pages to 
pass in general review the more important topographic elements of this 
peninsula, and to consider the information which they give us as to the 
general history of the continent. 

The peninsula of Florida, as is readily seen by glancing at an ordinary 
map, forms a salient on the coast line which departs widely in its gen- 
eral character from all the other great capes of the continent. The pre- 
vailing trends of the eastern coast are from northeast to southwest. 
This projection extends in a general northwest and southeast direction. 
All the other greater peninsulas of the continent are distinctly moun- 
tainous in their character. This of Florida is formed of low lands, rising 
as a broad fold from the deep water on either side to a vast ridge, the 
top of which is relatively very flat, there being no indications of true 
mountain folding in any part of the area. All the other great penin- 
sulas of the continent, except that of Yucatan, which in certain ways 
resembles Florida and may be causatively connected with it, are com- 
posed of old rocks. The last named salient is made up altogether of 
very recent strata. 

The detailed topography of Florida is almost as anomalous as its gen- 
eral configuration. The region of the Everglades in the southern part 
of the peninsula, and that known as the " Lake District ** in the north- 
em, are both eminently peculiar in their configuration, having, so far as 
I am informed, no likeness in any other part of this country. 

The first question before us concerns the origin of the Florida uplift. 
It will be observed that we have on the peninsula of Florida a very re- 
markable ridge, which has grown up from the sea-floor to the altitude 
of about five thousand feet ; and a somewhat similar elevation in the 
archipelago of the Bahama Islands. Neither of these ridges has a 
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mouDtainouB abaracter. ludeed, it is at first sight difficult to E 
sualogueB of these great auticliual'like foldti iu the existing structures 
of the land. They can hardly be clusaed with any of our known table 
lands, for tbu reason that such elevatiouH are in all cases more or less 
associated with definite mountain folding. The only siniilar structure 
which is known to me is that exhibited in the " Cincinnati autichnal," 
that well known ridge eitendiug from near Columbus, Ohio, to Northern 
Alabama. This elevation in length and breadth may be compared to 
that of Florida, though it never had more than one half the height of 
the Floridian peuiusiita. 

In endenvoriug to account for the Florida ridge, we must bear in 
mind the procesai^ of deposition whioh have evidently occurred in this 
region. The geological history of the sedimentation is about as follows 
To tlic west of Florida, in the (iulf of Mexico, wo have a regiou which 
from a remote time has been the seat of extensive accumulation of sedi- 
meuts. The Mexican Gulf tn a more or less perfectly deSiiite form is 
one of the oldest topographic features of this continent. It is, as is 
easily seen, the remainder of the continental trough which from u) 
early time has received a great share of detritiis from tho Appalachian 
und Cordilieran tiolds. It has therefore been a region tending to sub- 
sidence, through the well known iufliieuce of the weight produced by 
sedimentary deposits on the snrfncc of the earth. This subsidence has 
naturally been attended by phenomena of counter-thrust elevation, the 
characters of which I think are found in the curious uplifts of Yuca- 
tan and Florida, which serve in part to bound this region of downward 
movement. Besides the sediment contributed to the region of the 
Mexican Gulf from the continental portions of North America, there has 
been a considerable increase of each deposits from the island of Cuba. 
This island, which proliably came alwve the level of the sea in the 
Mcsozoic period, has evidently furnished a very large share of waste to 
the ueighlioring sea-floors, as is shown by the extensive erosion indi- 
cated in its highlands, A considerable ]iortion of this detritus has 
doubtless l>een accumulated in the region now occupied by the Straits 
of Florida, and by the deep water between the Bahama Islands and tho 
greater land masses of Cuba and Hayti. I am disposed to couaider the 
entcnsive recent elevation on which rest the coral islands of the Baha- 
mas as jKissibly due to the down-heaving of the cmst caused by these 
sediments. 

The Caribl)eaii Kea has likewise long Iwien n seat of extensive sedimen- 
tation. A number of great rivers draining from old monntain districts 
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subject to energetic erosion have contributed their detritus to this basin. 
The line of the Antilles appears to me to mark the phenomena of coun- 
ter-thrust due to the accumulation of deposits off the coast of South 
America, much as the peninsulas of Florida and Yucatan mark the 
effects of sedimentation in that sea and in the Mexican Gulf. To the 
down-thrust caused by sediments derived from the island of Cuba, and 
deposited on the sea-floor to the northward, we may perhaps attribute 
the sudden termination of the Florida elevation on the south. The 
general tendency to counter-thrust uplift produced by the growth of 
strata in the Gulf of Mexico, and manifested in the peninsula of Flor- 
ida, is here interrupted by the process of local sedimentation. It is 
probable that, at the present time, the considerable energy with which 
the Gulf Stream moves through the Strait of Florida may hinder the 
process of deposition of sediment derived from the Cuban land mass ; 
but, as I shall endeavor to show in the sequel of this paper, this limita- 
tion of the Gulf Stream is probably a matter of very recent geologic 
time. 

Tuxning now again to the Cincinnati axis, let us note its relations to 
the geography of the district at the time when it was formed, to see what 
light it may throw upon the development of the curious elevations about 
the Gulf of Mexico and the Caribbean Sea. The Cincinnati axis, as is 
well known, is a singularly broad fold, which was developed on the floor 
of the palaeozoic sea at a distance of two hundred miles or more ft*om the 
then shore of the Appalachian Islands, and generally parallel with the 
ancient land. At first, in the period of the Lower Trenton, this floor 
appears to have been tolerably level. Before and during this period in 
the history of the earth, a vast amount of detritus was borne from the 
Appalachian land, and deposited on the sea-floor near its eastern shores. 
Thus, along these old shores we had a vast thickness of sandstones of 
the Okoee and Chilowee age, and above them a great thickness of rocks 
belonging to the Ejiox group, which, though partly of organic origin, are 
largely composed of inorganic waste from the old lands on the e^st. 
There is no doubt that these last sediments were derived from the 
Appalachian land, and they form an extremely massive system of sedi- 
ments along the ancient shore. Following their onlaying, this portion 
of the sea-floor which they occupied sank to a great depth, as is shown 
by the peculiar character of the sediments and the organic forms in 
the Trenton rocks of Eastern Tennessee. Apparently at this time the 
Cincinnati anticlinal rose to near the surface of the waters, to a point 
where it exposed the bottom of the seaVo the action of currents suffi- 
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oiently powerful to break up and pack large Bhells in the manner 
acconipliiibed by swift moving waters. It is possible that in part tbc 
growth of the Cinciunati anticlinftl took place at a later date, but the 
greater part of its elevation waa probably due to Silurian time. It 
neeniB to mo that it can beat be eiplained in the aianoer above indi- 
cated. It is B. noticeable fact, that the CincinDati axis is most developed 
aloug the line to the east of which this accumulation in the palteozoic 
Bciut derived from tbo bordering land was most cxtcusive. Moreover, 
the geoeral form of the elevatiou is quite comparable to that of Florida, 
thouyh the oiia of position ia widely contrasted in the two caseB, 

If I am riglit in my siijiposition as to the origiii of thesa curiona 
reliefs in the region al>out the Gulf of Mexico, if the fuiciently developed 
Otis of the Missiasippi valley, the Floridian peninsula and that of Yucii- 
tan, and the greater ialauda of the Caribhean, represent the results of 
OoHuter-tbrust arising from the impoaitiou of sediments ou the sea-floor, 
it is evident that we have in this part of the earth's surface a remark- 
able exemplification of the cffccl of weight on the attitude of the crust. 
It nmst be confoseed that the matter in extremely Bpeculative, I ahould 
hesitate to give it uoto, were it not for the fact that the whole problem 
as to the elTeot of weight of sediments in now much undor discnsaion, 
fcnd it appears to me worth while to call attention to this district, where 
there may be soniethinj,' like critical evidence as to tbe verity of the 
hypothesis. 

The detailed topography of Florida is intereatiny from the light it 
throws on two important problems, the growth of coral reefs, and recent 
changes in the jiatli of the Gulf Stream. As to the first of these i|ucs- 
tions I have little to add to the considerations which have been brought 
forward by other writers. This little pertains to the distribution of the 
living and tlio elevated reefs on the eaafom shore between the southern 
part of Key ISiscayne and St. Augustine. Inside the living reef between 
Key West and the southern part of liiscnync Bay the southern coast of 
Florida is low. From the reports of others it appears likely that there 
arc ridges, proliably in their nature coral reefs, such as Long Key, at a 
distance of a score or more miles from the swampy border of the land. 
Near the southern end of Biscayno Bay we find the first distinct reef 
near the shore. This reef comes above the Ics-cl of the sea about ten 
miles north of Mangrove Point, just to the west of Old Rhodes Koy. 
It gradually rises, until at Cocoanut Grove, immediately west of Key 
liiscayne, it has a height of about twenty-two feet and a width of ahouc 
two miles. As tbo uppermost port of the deposit consists of character- 
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istic reef material, and is composed to a certain extent of corals, which 
have evidently grown in place, this reef gives proof of a recent elevation 
of the shore to the height of about twenty-five feet. There has been 
a considerable loss by corrosive action, how great cannot be determined, 
in the height of this reef It is throughout honeycombed by subter- 
ranean water passages, and the surface of the rock is much disrupted by 
the overturning of trees in times of hurricanes, when the roots entangled 
m the crevices of the rock break blocks away from their bedding. 

The Miami Reef, as I propose to term this interesting accumulation of 
coral, extends northwardly with occasional interruptions for a great dis- 
tance along the eastern shore of Florida. North of Dumbfoundling Bay 
it appears gradually to lose its character as a true coral reef, and to take 
on the general nature of coquina. It appears to be the same elevation 
that is traceable as far north as the northern part of Indian River, near 
Titusville. I have only observed this ridge at certain points. North 
of Lake Worth I have not observed any corals in the material. It ap- 
pears that from Jupiter's Inlet to Titusville it is mainly composed of 
molUiscan remains. It is therefore not certain that it is all of the same 
age as the Miami Reef, but the fringe of beach material follows con- 
tinuously on the line of that reef, first in an almost meridional direction, 
then turning at Lake Worth to the northwest. There can be no doubt 
that the eastern shore of Florida from Miami to Titusville, and probably 
all to the northward, has its position determined by the strong resist- 
ance which this consolidated beach deposit has offered to the action 
of the sea. 

The steep escarpment which this barrier of old beach material pre- 
sents, which is now elevated to a score of feet or more above its original 
position, indicates that it long withstood the beating of the ocean waves. 
The barrier of drifting sands now lying along the coast between this 
escarpment and the open ocean has apparently been constructed in very 
modem times, since the last elevation of the shore. A part of the cut- 
ting which formed the escarpments of this reef evidently took place 
during the process of elevation which brought the reef to its present 
altitude. This is indicated by the fact that sea caves and other re- 
entrants are formed in the cliffs at a considerable height above the 
present plane of the sea. 

The effect of this reef on the drainage of Florida is very great. 
Although the rivers at many points have found their way across the 
elevation, either by subterranean streams or through the low points of 
the barrier, it serves to retain the land waters, and to bring into the 



condition of swamp a large part of the pciiiiisula. The St. Johns River, 
and the exteueivQ swaupa in which it hoadc, are in good part deter- 
mined by the existence of this barrier, lu a leei^ coniplete wtty, the 
waters of Lake Ukochobee and of the Everglades to the uoiith of it are 
likewiiio prevciited from finding a path to the sea by this natural wall, 
ThuS) at Cocoauut Grove, the waters of the Everglades at a. dislanoe 
of only three miles &om the shore in their time of lowest level lie 
sixteen feet above high tide. lu tho rainy aeiison they often rise to such 
fui altitude that they pour over the reef whenever it is less thau twenty 
feet in altitude. A sufficiently wide canal, having a depth of twentj 
feet and a length of not over four miles, would drain the waters of the 
Everglades into Biacayne Bay. The rivers which flow over this part 
of the reef come down to the sea level over a ^ries of rapids formetj 
upon the hanler layers of the reef, and thus the full escape of the 
Everglade waters is prevented. In the region more to the north, the 
entanglement of the vegetation about the head-watera of tfie streamy 
even where they have no rapi<b in their beds, likewise hinders the 
escape of the marsh waters, . 

The superficial geology of the elevated reefs which constitute the keys, 
as well as the section to the west of Biscayne Bay, affords an interesting 
anbject of inquiry, which, owing to my brief sojourn in this region, was 
but imperfectly follnwcd. All the kevH are evidently undergoing ft 
( rapid corrosion by the action of the rain-water which falls upon tlicir 
' surfaces, as well as a considerable marginal erosion by the mechanical 
impact of the waves. On all the shores, it is alao evident that the sea- 
waters exercise a considerable solvent influence upon the limestone, but 
this influence is much less manifest than in the case of the rain-water in 
the interior portion of tbe key. In the strip immediately adjacent to 
the shore, whore owing to the steepness of the slope the rain is quickly 
shed from the surface, tbe solvent action of the fluvial waters is rela- 
tively small ; but at a little distance back from the coast, where the 
vegetation is more dense and the surface nearly level, the solutional 
work is much more manifest, and is almost always distinctly traceable. 
In time of heavy rain, the water gathers on the surface, being held there 
in part by the dense mat of low growing vegetation. While so retained 
on the surface, it doubtless obtains a considerable charge of carbonic 
dioxide, which, aa is well known, vastly increases the capacity of the 
fluid for taking lime into solution. In most cases the water is conveyed 
away through narrow crevices which jMinetrate the underlying rocks, 
aud discharge tliruugh small caverns communicating with the shore, 
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pouring forth their waters at about the level of mean tide. Wherever 
these underground passages are formed (and they are very numerous 
upon all the keys), the area about the neck of the orifices takes on the 
shape of the sink-holes so well known in the great cavern districts of 
Kentucky. Though these depressions in the Florida keys are never 
so large nor so shapely as the characteristic forms of a similar nature 
in older rocks, they are in many cases a conspicuous feature. Good 
examples of such structures occur on Indian Key. 

It is evident that the tendency of this corrosive action effected by 
the rain-water is to lower the central portion of each island, for the 
reason that in this interior field this water dwells longest upon the sur- 
face, and becomes most charged with carbonic dioxide. If the process 
were long enough continued, the effect would be to degrade the interior 
region, leaving the marginal portion where the rain-waters are quickly 
drained away in the form of a ring-like elevation. That this effect is 
not more conspicuous in the case of the Florida keys is perhaps to be 
attributed to the fact that the sea cuts back the margin of the islands 
so rapidly that time is not allowed for the development of such a topog- 
raphy. If the shores of these reefs had been protected fi^m the action 
of the waves by the presence of the living coral, the islands would 
probably exhibit a distinct internal depression. 

The most interesting observations which I had an opportunity to 
make concerning the erosion of the elevated reefs rest upon the sec- 
tion from the western shore of Biscayne Bay into the Everglade district. 
As before remarked, the western margin of this bay is formed by a 
ridge of coralline material, which rises quickly from the surface of 
the water to the height of about twenty-two feet above the surface, 
attaining that elevation at an average distance of about half a mile 
from the shore. This versant of the Miami reef, on account of the 
steepness of its slope, provides a tolerably ready drainage for the rain- 
water, which in no case rests for any time upon the surface. Owing to 
the prevailing dryness of this well drained area, the low growing vege- 
tation is small in amount, and the scattered pine blades afford little 
woody material by the fall of its trunks, branches, and leaves. The 
result is, that, owing to the absence of the decaying vegetable matter 
and their brief sojourn on this surface, the rain-water obtains but little 
carbonic dioxide. 

When we pass from this relatively steep slope to the flat top of the 
reef, where the waters are less rapidly drained away, — whore indeed 
during the rainy season the surface is, as I am informed, very wet, — 
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tlio growth of vegetation, and oonsequentlj' the amount of humus apon 
tlie soil, ars considembly greater, Thu effett of the longer presence of 
Uie mu-wtitur, and tlic greater attioiiut of the acidH from diH^iying vcge- 
tutiou, in at once kIiowu iu the development of u great number of siuk- 
LoliiB. Portions of the reef are no thiekly set with thuae depressions, 
that nearly all the rain-water appears to find its way by uudergroiuid 
channels to the sea, where we can note its omei'geuce in great epringa. 
Descending from the summit of the reef towards the EvorgiadeB, I ob- 
■orvod that with caoh foot in height of descent the corrosive action of 
the land water increased in amount. All portions of the reef which 
were so Bituate<l ax to be exposed to the waves of the lake which in the 
rainy aeaiion covers this district, wore very deeply corroded. Suob sur- 
faces often presented broad areas of rook ao far eaten Qwny by the 
action of dissolving waters that, for the depth of a foot or more, the 
remaining portion of the strata resembled the floor of a cavern covered 
with Btftl^mitic materials. These decayed fnigments of the rock often 
assume curiously branched forma, and were so attenuated that the 
pressure of the foot upon them would cause them to break down in 
such a manner that it was impossible to walk over the siirface. As 
we approach the Everglades, the nunihor of the sink-holes rapidly di- 
minishes, prohnbly for the reason that the elevation above the sea level 
is not sufficient to impel the water to force a paasaj^o throujih the crev- 
ices of the rock. Wherever tlie sink-holca occur, it is a noteworthy fact 
that they frequently, if not .generally, form the descending shaft which 
gives exit to the waters in the central portion of some largo coral. The 
imbedded donic-shapcd mass of the Meandrinas scorn ofteucst to bo 
chosen an the scat of these vertical shafts, which lead into the lower 
lying caverns. 

The quantity of material taken into solution by the swamp waters in 
the rainy season, when the flooding of this area near the top of the 
Miami Reef occurs, may be judged by the thick coating of limy mud 
which is deposited in the occasional closed sink-holes, from which the 
waters have disappeared by desiccation. In tliose depressions the layer 
of sediment, composed in largo part of lime, often attains a thickness 
of one fifth of an inch. As it necessarily reprchcnta the amount of lime 
in solution by the waters in a single season of rain, we may fairly take 
it as a measure of the s.dntinnal work accomplished in one ye.ir. The 
facta are not suffificnt to permit a quantitative determination as to the 
amount of this corrosirui, but I am inclined to think that we are jtis- 
titled in assuming it to be a considerable fraction of au inch in each 
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year. An inspection of the western face of the Miami Reef leaves in 
my mind no doubt that the process of solution is rapidly extending 
the general plane of the Everglades to the eastward. On the floor of 
the more level and lower lying country which constitutes the eastern 
margin of the Everglade district, we find a similar deposit of limy 
matter, which has been laid down during the process of evaporation 
of the swamp waters. At the distance of half a mile ft-om the face of 
the Miami Eeef, this layer was very much thinner than on the lower 
portions of the reef itself. In the Everglade district the amount of 
decaying vegetable matter is great, and there can be no doubt that 
running waters of this region become heavily charged with carbon di- 
oxide, and are thus enabled to dissolve the limy matter with which 
they come in contact. In the rainy season, as before remarked, these 
waters rise to the height of from five to eight feet above their* level 
during the dry season, when I observed the district. As the waters of 
this swamp rise, they doubtless take a large quantity of the lime into 
solution. After the rainy season passes, the water is drained away by 
the numerous exits to the sea. 

It is a noteworthy fact that Biscayue Bay, which receives through the 
Miami and other streams discharging from the swamps of the Ever- 
glades on its floor a vast amount of limestone mud. A portion of this 
mud is composed of the remains of Foramiuifera and other organisms ; 
but microscopic examination of it shows that a large portio of the mass 
does not exhibit evidence of having recently been in the organic con- 
dition. It appears to be lime in the form which would be given it by 
a precipitation from water. The quantity of this mud in the control 
of the tidal and other currents which sweep through these embayed 
waters is very remarkable. The volume of the material can best be 
judged by the conditions exhibited by the deposits of limy matter at 
the eastward end of the channel passing from Biscayne Bay to the sea, 
at the point known as Caesar's Creek. The calcareous ooze moving out 
from the Bay of Biscayne at this point is so large in amount, that it 
forms a distinct delta, digitated at its seaward end in substantially the 
same manner as the mouth of the Mississippi. It seems clear that this 
great volume of mud comes from Biscayne Bay, and it would be difficult 
to erplain its origin by any action originating altogether in that basin. 
I am disposed to believe that the surcharge of lime given to the sea by 
the effluent water of the rivers which drain the Everglades leads to the 
formation of a portion of this ooze by precipitation. 

However it may be as to the origin of the limestone ooze, so plenti- 
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fully formed along the coast where the Everglade wiLterg discliarge, it 
Beems to me there can be no <juestioii as to tho reiittively rapid oxcava- 
tiou uf the depoaitB of the Everglade districL There can be no doubt 
that this region uhows iu a very clear way bow, uuUer certain conditii'DS, 
the process of escavatiug the interior of a plateau of limestone deposits 
may uuder favorable circumEtances be carried forward in an exceedingly 
rapid mannur. That a more diatinot reef has not been left around this 
regiuu of uxcavutioD b possibly due to the fact that this re^iion has re- 
cently been somewhat lowered above the height to which it formerly 
attained. Theru is n good deal of evidence to the effect that the whole 
peuinsula of Florida has uudergoue a subsidence of ten or tneaty CBet 
in altitude since the last period of elovation. 

It is commonly suppoaed that the living coral reefa of Florida cease 
at Key Biscayne, and that no true reef esiats to the northward of that 
point. Although there b clearly no extensive development of reef de- 
posits north of Cape Florida, my obaervatious, though limited, are suf- 
ficient to show that a distinct reef, essentially the continuation of the 
main reef of Florida, that on which Fowoy Bock Lighthouse stands, ex- 
tends along the shore at least as far as Hillsborough River, In January. 
1888, I was BO mifortunate as to have my boat capsized on the edge ot 
tlio Gulf Stream, to tho eastward of the month of that river. It was 
necessary to brinir the bnat ashore botlom upward by swimming beside 
it. Near the shore, there being a heavy sea on, wc came upon a line 
of breakers, beneath which the water was not more than six feet deep. 
The effect of the surface of this reef on tho bare foot of my party clearly 
indicated that it was composed of firm coral rock. Subsequent inquiry 
has shown that this reef is largely covered by living corals, including 
many Gorgonioa and actiuoid corals, mostly of tlio common species of 
Maiiftcina, fragments of which are abundantly strewn along tho beach 
all the way from Cape Florida to Lake Worth. Between Hillsbol' 
ough River and Jupiter Inlet the breakers show in times of storm the 
continuation of a lower reef near the shore, and tho fragments of 
Maiiacina, often two feet in diameter, lying upon the beach, likewise 
afford evidence of a living reef in this section. North of Jupiter 
Inlet, my assistant, Mr. C. W. Coman, found fragments of Mauacina 
scattered along tho shore for a distance of twelve miles. Beyond 
this point, a careful search showed no trace of stony corals. Tho 
lessened development of the reef from Key Biscayne to Lako Worth 
is doubtless in part to Iw ex[ilained by the fact that the Gulf Stream 
departs from tho shore near Fowcy liocks. Its warm, life-giving waters 
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are only driven in the form of a thin sheet against the shore in the 
time of strong winds. At other times, when winds are blowing, from 
the westerly quadrant, the current is separated from the shore by a 
considerable interval of water which drifts from the north, and is much 
cooler than the Gulf waters. Probably the decrease in the growth of 
the reef north of Cape Florida is due also, in considerable measure, to 
the southward movement of sands along the beach. A very large 
amount of this sand is continually pouring around Cape Florida. The 
history of this migrating detritus appears to be as follows. During the 
glacial period, a very large amount of arenaceous material was con- 
tributed to the sea in the region north of Cape Hatteras, The general 
trend of the shore of this part of the continent is from the northeast to 
the soathwest, while the prevailing direction of the wind is from the east. 
The result is, that so far as impelled by the waves, this sand works down 
along the coast shelf to the southward. Wherever it comes upon the 
beach and remains within control of the waves the southward movement 
is quite rapid. Coming upon the coral reef, this sand tends to bury the 
coral, and thus to limit its growth. North of Cape Florida, the sea-fnns, 
or Gorgonias, which by their habit of growth are in a measure protected 
from movements of detritus, are the principal representatives of the 
polyps, the Manacinas occurring only as scattered clumps amid a 
growth of the prevailing alcynoid polyps. North of Jupiter Inlet, the 
Gulf Stream departs yet farther from the shore, and it is unlikely that 
the temperatures are such as to favor the growth of a reef. The diffi- 
culties incident to my shipwreck near Hillsborough River made it im- 
possible for me to make more careful observations as to the condition 
of this reef. I am indebted to Mr. C. W. Coman, who was formerly 
keeper of the Lauderdale House of Refuge of the Government Life-sav- 
ing System, for a great part of the facts which are here given. He 
has kindly followed my directions in observations on the extension of 
this reef. 

Imperfect as these observations are, they appear to me of interest 
from two points of view. In the first place, they add nearly one third 
to the known length of the living Florida Reef; and in the second place, 
they show that while the reef may maintain itself for a certain distance 
beyond the constant influence of the Gulf Stream, the jwlyps cannot 
retain their full vitality when deprived of its current. 

There is reason to believe that the marginal reef of Eastern Florida, 
though it may now be extinct in the section north of Jupiter Inlet, has 
recently been somewhat developed even as far north as Mosquito Inlet. 
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In dredging far a ouul now ander mDiitraction on the eosten coast of 
Flonda, in tbe waters i>f Moequito Inlet, near the point known bk Oak 
Hill, the engineers eooountered a ridge of oomniingled bLcII and ooraJ, 
tbroagh which they were coinp«itod to go for a quarter of a mile or 
more in a north and south diivction. The tup of this ridge was aome- 
wh»t below the level of tbe waters of the lagoon, and presumably below 
the level of low tide in the neighboring sea. Some specimenB of the 
dredging shown me b; Dr. John Weatcott, the President of the canal 
compADj-, «oTitained fragments of Mnaarina apparently the same as the 
living epecics. It thus appeara oertain that at leaet onu etpecies of the 
living reef-nuiking coral has in recent times dwelt along the shore to 
tiio uonli of Cape Canaveral. 

The interior of the Floridi&n peninsula appears to be divisible into 
three distinct districts. In tbe auiith, from tbe northem part of Lako 
Okcechubeo to Capo Sable, the Biirfaee is extremely level, formed proba- 
bly in the main of organic waste accumulated behind the coral reefs, 
upon which rests a thin and interrupted coating of current liomo snnd« 
of inorgnnio origin. The only portion of this region which I have per- 
flonally seen is tbe edge of the EvergladeB, about three miles west of 
Cocoaniit GroTC From tbe statements of Dr. Westcctt and other ob- 
wrverB as to the frequent occurrence of limy material in the Everglade 
district, it seems to me most likciy thiit liie whiile of Ibis iield above the 
sen \cynl ia stilwtantially composed of organic materials. The northern- 
most part of the State, down into the base of the peninsula to a point 
aijulh of St. Augustine, probably consists of an older series of rooks, 
mostly of Tertiary age, very uniformly covered by a deposit of detrital 
sands brought to the region from the northward. Going southw.ird 
from the parallel of St. Augustine, we enter upon a region where the 
surface is underlaid by the same sandy material as tliat found in the 
northem part of tho state, but the topography greatly changes ita 
ebar.ictcr. In the northern section, the surface is in the main of the 
gently undulating form belonging to the southeni plain from Virginia 
southwards. The deposits of sand are disposed so aa to create gently 
wnrjicd contours, the irregularities in height rarely cscceding ten or 
fifteen feet within any one square mile. Tbe form is that given by 
Bli|.'ht marine currents where tbcv act upon shifting sand. As we pro- 
ceed southward, the irregularities of tho surface become gradually more 
and more accented, until we gradually enter on a field known as the 
l^tkc DiatriL-t, wlierc tbe depressions without an outlet are so deep as 
to enclose, not shallow morasses as they do in the more northeni sec- 
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tions, but basins of water of such profundity that they have not become 
closed by the swamp-building forces. The section of the lake district 
exteuds from near Waldo to Lake Kissimmee, or perhaps yet farther 
south. It has a length of at least two hundred miles and a width of 
about eighty miles, though its limits in each direction are obscure ; the 
area of open water basins gradually shades ofif into the area of the 
shallower depressions, now entirely occupied by swamps. By my rather 
untrustworthy barometric observations, the highest point of the surface 
in this lake district in the region about Apopka rises to near three hun- 
dred feet above the sea.* The number of basins contained in the area is 
very great. If all those containing permanent open water were enumer- 
ated, the total would probably amount to several thousand. In size 
they vary, from the larger bodies, such as Lake Apopka, with a diameter 
of ten miles or more, down to basins a few score feet across. 

The most interesting feature in this district is the increase in the 
measure of irregularity in the hills, as we rise above the sea level. On 
either side, in passing from the shore, we cross a region which, though 
occupied by sands, has, as before noted, a gently rolling aspect, remind- 
ing one of the undulations of the sea when the waves of a great storm 
have nearly sunk to rest. This is the condition of surface for a height 
of from ten to thirty feet above the shore. For each fifty feet of as- 
cent, careful observation shows a decided increase in the amount of the 
irregularities, until they attain their maximum relief in the uppermost 
portion of the country. So far as I have been able to ascertain, sub- 
stantially all of these irregularities are moulded in recent sands. Only 
occasionally are they affected by the form of the surface which existed 
before the drifling sands came to this region. In certain cases the 
underlying rocks are of a calcareous nature, and have been eroded by 
subterranean waters. Where this has occurred, the pits formed in the 
sands have occasional sink-Jioles in their bottoms. Some scores of such 
openings were seen in the course of four days' journeying between 
Seville and Lakeland, in Polk County. It seems to rae, however, that 
these pits are not in any measure duo to the causes which produced the 
sink-holes. The great variety in their size, the lack of order in their 
disposition on the surface, as well as the chance sections afforded by 
railways, all indicate that the sink-holes are occasional concomitants of 
these depressions, and in no sense their cause. My observations show, 
moreover, that the sink-hole openings are often in eccentric positions in 
relation to the pits, in some cases being actually above the lowest point 
of the depression. 



rt62 BCLLETIS OP THE 

The gradual incrense in tho meaauro of this irregularity of the Bitper- 
ficiol Hnudx, &s we proceed from the shoro toworda the higher ciouTitTy, 
dearlj indicates that it ia due to some cause tlie energy of wliich wna 
measured by the clevatioo of the surfftco aliove the eea. Moreover, the 
fact that these rid^s lie upon subjacent rocks of somewhat varied a^ 
ftnd coinpoaition, apiwara to indicate that they are not dependent on 
any Bubterranean influences, such as the erosion or corrosion of the wn- 
derlying rocks. 

When I first came in sight of the lake district of Florida, the imme- 
diate impression was that 1 had entered upon a kame district, a region 
of pitted plain anatu^us to the kamc belts along the New England 
shore near the ancient frontal tnorairies, but on a far larger scale. 
Tho surface has almost eiactly the topography of the central part of 
Nantucket, or tho field of kamo plain to the eastward of the Eliza- 
beth Island moraine, where that lies at the base of Cape Cod between 
Wood's Hole and Sandwich. It seema to me certain tlmt any geologist 
familiar with this topography would, if Uken bhndfolded and ignorant 
of his route to the lake district of Florida, at once come to the conclu- 
«ion that ho was in a kame district of New England. Whatever were 
the other circumstances under which our kames were foi'mcd, there can 
be little doubt that they are the product of water flowing. I have else- 
where nn^'ued that ordinary kamoa are in tho main, if not altogether, 
due to the tossing about of glacial waste under the influence of strong 
currents poiiring from beneath the glacier into a water area where 
nioliilc sediments were being laid down. 

Although at first I endeavored to account for the peculiarities of tho 
surface in this lake district on the hypothesis that the warped surface 
was produced by suliterranean erosion, I was in the end forced to the 
hypothesis that these ridges represented the action of strong currents, 
which ser^-cd to move the sands, either in air or water. , I then ad- 
dressed myself to the task of determining which of these two agents of 
trnnsportation had given shape to the surface. I found myself quickly 
driven from the hypothesis that these lulls were due to the action of 
the wind. lu the first place, the gradual increase in the measure of 
relief, as we go from the sea to the liiglier lands, ia obviously against 
the hypothesis of wind action. Next we note the fact, that on the ex- 
isting coasts of Florida the dune bnilding is slight in amount, though 
the sands have in many places sn})staiitially the same character as those 
which compose these hills. Furthermore, tho shape of the hills is not 
that presented by any of the extensive dune districts which I have 
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examined. Hills formed of blown sand are prevailingly sharper, and 
are more in alignment, than are these ridges of Central Florida. In no 
case known to me do they enclose such large basins as those of the 
Florida district. Indeed, it is rarely the case that the deposits are suf- 
ficiently dense to retain water. Last of all, the fact that these undu- 
lations generally disappear as we go to the north, gradually passing into 
the uniform southern plain, is against the hypothesis of their formation 
by wind action. There are no atmospheric circumstances which would 
make this central part of Florida the seat of extensive duning, while 
such action was absent from the northern part of the peninsula. 

It appears to me that the most reasonable explanation of these tossed 
sands is afforded by the supposition, which is apparently justified by 
many facts, that the whole of Florida has recently been beneath the 
level of the sea, and that during this period of submergence the Gulf 
Stream swept across this portion of the peninsula, drifting the sands by 
the action of its current into this complicated topography. The recent 
submergence of the Floridian peninsula is indicated by the presence of 
this large mass of detrital deposits of Pliocene or Post-Pliocene age. At 
many points, as along the Indian River and elsewhere, these sands are 
evidently overlying deposits containing altogether living species of ani- 
mals. It is clear also that these sands have not been derived from the 
erosion of sediments of an older date within the Florida district, but 
have been imported from a distance. On this and other accounts we 
may assume a recent submergence of the peninsula. Given this sub- 
mergence without concomitant geographical changes which haired the 
Gulf Stream from the Gulf of Mexico, we may suppose that the great 
stream would have poured freely across the surface of the peninsula 
within the region where we find this peculiar topography. Although 
the Gulf Stream is confined at present within a narrow passage, where 
it attains a speed of about four miles an hour, and possibly owes some- 
thing of its rapidity of movement to the restriction of its exit, it would 
doubtless, even with a larger opening, have a rate of movement suffi- 
cient to exercise considerable energy on the bottom over which it flowed, 
provided the floor was near the surface of the water. 

Nantucket Shoals, near Cape Cod, and other similar regions of 
shallow sea underlaid by sand where the ocean has moderate tidal cui^ 
rents, show us that a topography in a general way like this of the lake 
district may be formed under water. The researches of the Coast 
Survey have shown that rapid movements of submarine sand in this 
district are taking place. As the currents in this district rarely have a 
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speed greater than two or three miles au hour, it appears that the Gnlf 

Stream may have had Bulficieul velocity to bring abuul tUia arrangtiment 
of the BaudH. 

It ia true that the arrangeraent of aanda at and alxiut Nantucket 
Shoals is brought about by reciprocating currents caused by the bucccb- 
BJvo movements of the tide, while the movomouta eifected by such a 
stream as that which flows front the Gulf of Mexico would be more con- 
Btaut, or in one direetiou. Neverthelcsa, it is easy to see that variations 
ID the wind cause even at present a eouaiderablo variation in the posi- 
tiou of the Gulf Stream oti' the coast of Florida. Strong winds tratis- 
verse to the surface of the current affect the flow of the superlicial 
vatera, occasionally pressing them in ogaiuat the shore, and again 
causing a south ward -set ting current next, the beach line. It is quite 
possible that the variety of movements of the stream which may b« 
neocHsary to produce an irregular topography have been brought about 
by such varialioua in direction and force of the wind. 

The greatest difficulty I find in accounting for the topography of the 
lake district is to explain the presence in the region of the large amount 
of sand which has been shaped into these irregular ridges and hollows. 
These sands have evidently come from the northwoi-d. It is not easy 
to imagine the way in which they could have come into the control of 
the Gulf Stream. One consideration, however, may aid ns toward this 
utiderstauding. With the northern margin of the Gulf Stream crossing 
Florida at the head of the present peninsula, its current would have 
swept against the northern shore of the Gulf of Mexico, it thus might 
have gsiincd access to extensive deposits of sand, which had i>ecn accu- 
mulated in the shallows along that shore. These sands it might have 
borne onward until it brought them upon the Florida ridge. The ex- 
istence of a similar action is found in the movement of the sands against 
the eastern coast since the last nphcaval of the peninsula. The shore 
fnim St. Augtistine has received from the flour of the Atlantic an acces- 
sion of dotritiis accumulated on the beach which separates the main 
shore from the n])cn sea. The amount of sandy matter appears equiva- 
lent to more than one twentieth of that contaiuod in the sand-hills of 
the lake district. Within the limits of Floriila this recently fonuod 
sand b.arrior has a length of about four hundred miles, and an average 
width of about three miles, and a probahlo average thickness of about 
one hundred feet. It is therefore equivalent to a strip having a length 
about twice as great as that of the lake district, and a rather greater 
thickness of material. As tiie lake district averages not more than 
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sixty miles in width, we see that in a relatively short time, by the action 
of ocean waves alone, this amount of detritus has been moved. If the 
conditions had been such that the Gulf Stream had co-operated with 
the wave action, it is not improbable that we should have liad a mass 
equivalent to all of the sands of the interior of Florida removed from 
the ocean floor, and brought to near the level of high tide. 

If the surface of the lake district, and of Florida generally, was shaped 
beneath ocean waters affected by strong currents, we are compelled 
to believe that the elevation of the area above the sea level took place, 
not in a gradual manner, but with extreme suddenness, at least for 
all the height above the level of high tide. If the lake district had 
emerged from the sea by a gradual upward movement, the ocean waves 
would have produced a total change in the configuration of the surface ; 
the incoherent sands of the hills would have been worn away, and moved 
into the hollows. The aspect of the surface would be that of sand 
beaches and plains extending towards the shores. If in the process of 
elevation there had been pauses in the movement, during which the sea 
even for a brief time, say for a few months, beat along a particular level, 
then we should have had long beach lines with inclined aprons in their 
fronts, such as now mark the elevated borders of our great lakes. So 
far, I have not been able clearly to determine the existence of such fea- 
tures in the Florida hilly country. At a few poipts indistinct signs of 
such action are exhibited, but the wooded and swampy condition of the 
country makes it difficult to trace those features. They will only be- 
come apparent, if they exist at all, on careful study of the field. My 
observations lead me to suppose that, if such features exist, they are 
very imperfectly developed, and that, if we assume this surface to have 
taken shape under water, we have likewise to assume a tolerably rapid 
elevation, which brought it above the level of the sea. 

The problem in this field is substantially like that which we have in 
the kame districts along the southern shore of New England. I have 
elsewhere endeavored to show that these forms were clearly formed 
beneath the surface of the sea, and came above it by a movement so 
speedy that in the case of Nantucket the most delicate heaps of sand 
were not disturbed by the ocean surges. 

In the present state of my inquiries concerning the recent movements 
on the eastern shore of North America, the evidence from the kame dis- 
trict and that from the lake district of Florida appear alike to point to 
the conclusion that a sudden elevation, or a series of such movements, 
took place during the present geological period, a movement which must 



\m ileemed in its nature paroxygrtml. It therefore becomea necessary tn 
inaku a very careful inquiry- into tbe value of the evidence which this 
case aHbrda as to the speed with which those changes of level were 
brought about. This problem ghould be couaidered by many field 
geologlBta. It cauuut adequately be solved by one student. On this 
ftcoouat, I venture to present the ftrgiiments in tlie case of the Florida 
lake district, with the hope tJiat they may bo carefully reviewed by 
other students. 
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NOTK 

Thk discovery by Professor Shaler of the northern extension of the great 
Florida Reef beyond Key Biscajme, on the east shore of the southern extremity 
of Florida, as far as Jupiter Inlet, throws a good deal of light on the probable 
mode of formation of the Everglades. An examination of the map of South- 
em Florida in the Memoirs of the Museum of Comparative Zoology, Vol. VI L, 
No. 1, Plate XXIII., or of the map (Plate VI.) in my Memoir on the Tortugas, 
Memoirs of the American Academy, Vol. XI., 1883, or in the "Three Cruises 
of the Blake," page 52, shows that in all probability the process of land-mak- 
ing is simply more advanced in the Everglades than in the triangular stretch 
of mud flats extending westward from the northern keys of Florida beyond 
Cape Sable, and from that base in a general southwesterly direction to the Mar- 
quesas. The presence of fossil reefs more or less concentric with the line of 
keys induced Professor Agassiz,* in his Report on the Florida Reefs, to look 
upon the Everglades as holding to those reefs very much the same relation 
which the mud flats to the west of the main line of reefs hold to the latter. 

Geologists ^ have, as a general rule, been opposed to this view, but they have 
only examined the mainland north of the Everglades, and no geologist has as 
yet penetrated farther into the Everglades than Professor Agassiz and his party. 
A careful examination of the Everglades alone can determine whether their 
fossil reefs are built upon a base consisting of the rocks which have been ex- 
amined by Tuomey and others at Tampa Bay and Charlotte Harbor, or whether 

^ Annual Heport of the Superintendent of the Coast Snrvey, 1851. Report on 
the Florida Reefs, by Louis Agassiz. Memoirs of the Museum of Comparative 
Zoology, Vol. VII. No. 1, 1880, pp. 31, 57. 

* Report of Buckingham Smith on the Drainage of the Everglades. Heilprin, 
Trans. Wagner Free Institute of Science, Vol. I., May, 1887. Heilprin's explora- 
tions were limited to the portions of the west coast of Florida inclnded between 
Cedar Keys and Punta Rassa, and did not touch the Everglade district or the great 
Florida Reef. Likewise, the earlier researches of Conrad and Tuomey, and the sub- 
sequent ones of Smith, Dall, and others, have all stopped short at the Everglades, 
and the structure of the northern extremity of Florida has nothing whatever to do 
with the formation of the coral reefs from Kev Biscavne south. How far north this 
reef structure extends is another point, and Shaler's interesting discovery goes far 
towards giving us a cine to the mode of formation of the Everglades. That the 
northern part of the peninsula of Florida is not made up of concentric coral reefs is 
now very clearly demonstrated by geold^cal and palieontological evidence. What 
is the southern extension of the formations which extend to the northern edge of 
the Everglades, no one knows as yet. 
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the outcriip« of tbeso fossU recfe at the southern extremity of the Everglades 
ore only outlfers of the eouthem extenatoD of these northern rocks. To the 
djunmiDg up of the watero in the Eveiglailes, and to the auddua outburats of 
gigantic masses of water chargud with organic niatter and lime, we may trace 
the immense dcatrnctioa of fishes which ho frequently occun on the shores of 
the Florida keys and the waters aurrounding them. 
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No. 8. — CorUributioTis from the Petrographical Laboratory of the 

Harvard University Mvseu7n. 

II. 

On some Occurrences of Ottrelite and Ilmenite Schist in New England, 

By J. E. Wolff. 

In the series of metamorphosed sediments which, in the many locali- 
ties, represent nearly every geological horizon, a wide-spread type of rocks 
are characterized by their fine grain, glistening micaceous aspect, and 
perfection of cleavage, to which the names of phyllite, micaceous slate, 
ai^llaceous mica schist, etc. have been applied. They represent 
original fine-grained argillaceous sediments, in which the metamorphic 
development of new minerals combined with the production of cleavage 
has partially or totally changed the original character. These rocks 
frequently attract attention by the presence of porphyritic, more or less 
perfectly shaped crystals, scattered through the fine-grained micaceous 
paste, which, unlike the analogous crystals of porphyritic eruptive rocks, 
appear to have formed later than the " groundmass.*' Garnet, biotite, 
andalusite (chiastolite), staurolite, albite, magnetite, ilmenite, and min- 
erals of the ottrelite group, occur in this way. In this paper some 
notes are presented on schists or phyllites containing ottrelite or 
ilmenite plates. , 

Ottrelite or chloritoid schists of Archean, Cambrian, Carboniferous, 
and perhaps of later age, have been described from numerous localities 
in Europe. The Cambrian phyllites of the Ardennes, among which the 
classical ottrelite schists occur, have undergone a thorough chemical and 
microscopical investigation by M. Renard.^ One of these rocks is of par- 
ticular interest in this connection, namely, the " Phyllade h ilmenite des 
Forges de la Commune." The bluish j^ray rock contains numerous small 
glittering metallic plates which can easily be mistaken for ottrelite : in 
the section they arc transparent on the thin edge, with a brown color, 

» Bull. Mas. R. nist. Nat. Belg., Vol I. pp. 212-249. Vol. II. pp. 127-152, 
Vol. III. pp. 84, 85. 230-208. 
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and arc V>ordcred by a fringe of sericite. The optical esamiuBtioii com- 
bine*! with chetiiical aiiiilysis led il. Runard to identify these pl&t«s . 

fiuiilly AS ilniunito. In another rock (PhjUito ottrelitifero de Moii- 
therm^) liiey occur with ottrolite. These metallic plates Lad been 
obaervod olaowbero by U. Eouard and othei^ but their true utiture not 
detcnniacd. 

Minerals of tho ottrelito family (" phyllite," ohloritoid, miuonite, etc) 
havo been described from tho rocks of New England by vnrinus tnioor- 
alogistB, and by T. Sterry Hunt from tbe palieozoic scliista of Canada. 
The occurrence of this miiieml in Miirjlaod, iu pbyllitc, haa recently 
been mentioned by G. IL Williams.' 

In tho complex of gneisses, schists, and massive crj'stalline roek« 
whieh cover the larger i»nrt of New England, there are certain areas of 
partially altered scdiriients, the palaMneoic age of which has been estali- 
liahod by fossils or stratigraphio considerations. One of the most im- 
portant of these is the atrip forming the western edge of tbe Oreen 
Mountains, which has been proved by the labors of Dnna, Wing, Wal- 
oott, and others to belong to tho Cambrian and snoceeding periods of 
the Palaiozoic, Those " Taconic rocks " consist of quartittos, crystal- 
Inie limestone, phyllitea of Tarious kinds, nod fine-grainod guoiaaos, with 
occasional conglomerates, especially near the base That a large part 
of the more hiiihly crystiillino rocks to tho eastward, in Massachu- 
setts at least, represent the aame series still further metamorphosed, 
appears to deiinitcly result fi-om the work of the United States 
Oeoli'gicftl Survey done under the direction of Professor Pumpelly, now 
going to press. 

Another important area of mctamorphosod palawzoic sediments oc- 
CTirs in the easteni part of Rhode Island, on the shores of Narragau- 
sett Day, extending northward into Southern Massachusetts; it is of 
Ciirlmniferoiis ago. The rocks aro conglomerates, coal-beds, shales and 
schists of various kinds, wliich like the Cambrian rocks of the Green 
Mountains are intensely crumpled and metamorphosed. 

There are two well-knowii localities for ottrelito in or near this 
rejrion : one that of tho Masonito from Xntic, R. I., described by 
Jackson' in ganietiforous mifn schist which occurred as glacial Itoulders, 
the other that of the ottrelito ( Newportite) from the vicinity of New- 
port, It. I. Mr. T. N. Dale says of this occurrence, " Bonldora and 
I>ulililea of ottrelito schist abound about Newport, but I havo failed to 
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find any outcrop of it.*'^ The carboniferous schists abound in little 
black metallic i>lates which resemble ottrelite, so that the rock may 
have been mistaken for ottrelite schist ; but since pebbles of this rock 
are associated with pebbles of the true ottrelite schist, there is little 
reason to doubt that the latter occurs in place in the vicinity, and prob- 
ably of Carboniferous age." 

Ottrelite Schist, — The ottrelite schist here described was collected by 
Mr. Dale, occurring as pebbles on Easton's Beach, Newport. The rock 
is a silvery-gray, fine-grained mica schist, which has a well marked 
schistosity (and cleavage), the plane of which bears no relation to the 
distribution of the ottrelite. This mineral occurs in the well known 
rhomboid or irregular plates, three or four millimeters in diameter, 
with brilliant lustre and well marked cleavage surfaces. The latter are 
pitted with little dull spots, which it is seen in the slide are grains of 
quartz enclosed by the crystal. 

Studied in the thin section, the rock is found to be composed of little 
rounded grains of quartz, closely interlocking, when not separated by 
the other constituents, and of minute scales of colorless mica with the 
optical properties of muscovite, which by their parallel arrangement 
cause the schistosity of the rock. Certain wavy lines oblique to this 
structure, which contain less mica and more quartz than the average, 
may represent the original plane of deposition. A darker variety of the 
rock contains occasional small plates of chlorite and bands of opaque 
black substances, which are mixtures of graphite and titaniferous iron 
ore (ilmenite 1) for the powdered rock gives a strong test for titanium 
and also for graphite. 

The ottrelite ciystals and somewhat smaller black metallic plates are 
seen to. have no connection with either the plane of schistosity or 
possible deposition plane. The former mineral occurs in plates of 
irregular outline, appearing as lathe-shaped cross-sections, frequently 
twinned several times, with composition parallel to the base, blue and 
greenish pleochroism, and the other usual optical properties. They are 
generally filled with little grains of quartz of the same size and shape as 
those composing the rock outside, which were evidently enclosed by the 
crystal as it formed ; it is noticeable that the muscovite never accom- 

* A contribution to the Geology of Rhode Island, Am. Joum. Sci., Vol. XXVTT. 
p. 222. 

3 Mr. Dale has found ottrelite schist in place on Conanicut Island, opposite New- 
port, but the rock has not been examined microscopically. Proceedings of Cana- 
dian Institute, 1884-85, p. 21. 
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paiiioB the quarts in tlie ottrelite, but bats agtiinst the edge of the 
cryatal without ulteritig its choraoter or urriingemeDt In proxiraitj' to IL 
SouiotinicB the quurtz graius fill the interior of tho ottrelito in hour-gksg 
Hhit|H!, but tliiB form has no connection with twinning as in the case lig- 
urcd by lEosenbuscli (Mik. Plijsiog., VdL L Plate XXII. Fig. 6), but w 
evidently a cnse of crystal gruwth analogous to the forms so well known 
, in thu augiti'H of eotue eruptive rocks : a bkeleton crystal of ottrelite 
tlrst furineU, wliicH diil nut enclose or eke asaimilated tho quartx, while 
n later growth, which filled ont the double fumiel-ahapcd cavity, was 
able or obliged to onduse it, lu tho rock ueit to be dcscrilied there 
are skeleton crystala of ottrelite only imrlially filled up with the qiiorlt- 
beariug miueral. 

The black iilatea in this rock are aomcwhat smaller than those of 
ottrelite, with il jugged outline, Tlit-y have sonietimes a Bpiiidle^iajicd 
crose-eocCinn, indicating then that they are discoid, but are generally 
bounded l>y tttraight parallel lines; tbcy ore not tnuii«|>areut, but h»\'(i 
froqueutly a yellow leucoxeoo core, indicating tilaniferous iron ore. 
There ia no doubt that they are ilinouite, as determined by M. lieuard 
in the Mimilar rocks of the Ardennes.' 

These ilnienite plates are generally bordered on both sides by a thin 
sheet of chloriU), the base of which is {Mtntllel to the Jlmenite. (Tht 
Hiniilar ilmcnilo plates doHcribed liy M, Renanl are btirdered by sericito.) 
Tho ]iliifos arc often entirely enclosed in the ottrelite cryatiUs, sonic- 
linios one half in, the other half jirojccting out. The chlorite cimtiu^' 
dis:iii[H!;ir!i when tlicy are found in the "ttrolite, but they are then soinc- 
liniCM bnrdered by a wme of ottrelite free from quartz inclusions, unlike 
llie retit of tho'crystid, of the s,ame size and shape as t!ie chlorite, sug- 
gi'stini; that the latter was alisiirlioil into the ottrelite when tlie cryhtalli- 
/jitiiin tiMik place. Kniull pains of titanite mixed with black'ore arc 
Kcaltercii ibrongli the rock, and there are occasional prisms of tonr- 

Olti-fUlf Orfivi''<idr. — This interesting i-ock was found by Mr. Dale ia 
nflheial li.iul.lor at " l'nrudi^L■," Neivport, It. I. 

Tho rock contains fraptients of blue and white quartz, enclosed in a 
dark jrniy miciU'cous cement, Bpanxrled with small plates of ottrelite. 

The slidrs show that the rock has undergone intense dynanio- 
metamorphic action ; the lai-ge fMjrmeiits of clastic iju.artz in polari^eii 
light exhibit all stages of change from more sti-aining to breaking and 

' Ho menlioas the occurrence of tlicso forms ia TtlioOe Islaad ottrelite schist. 



MUSEUM OF COMPARATIVE ZOOLOGY. 163 

crashing, and at the edges have yielded small broken quartz, which is 
mingled with the muscovite of the cement. The latter is made up of 
fragments of detrital quartz, quartz derived from the crushing of the 
large fragments, and perhaps some quartz formed chemically in sttUy 
with muscovite filling the interstices, and even filling the cracks made 
in the large grains, and therefore evidently of metamorphic origin. 
There are also lai*ger fragments of quartzite, and rounded aggregates 
of quartz and muscovite, which represent decomposed clastic feldspar 
grains. 

The ottrelite occurs in this cement in plates of irregular shape, often 
moulding itself around or enclosing the grains of quartz. It has all the 
optical properties of the ottrelite described above, and also encloses the 
quartz grains of the cement, but not the muscovite, and very rarely 
exhibits the least bending or straining ; hence it must have formed after 
the crushing forces had ceased to act. There are sometimes skeleton 
crystals of ottrelite, the hollow having the shape of an hour-glass, and 
transitions to crystals in which the hollow is filled up by ottrelite 
enclosing quartz. The cement also contains the black metallic plates, 
small and imperfect, which are sometimes enclosed in the ottrelite. 

We may conclude from the microscopic study of these rocks that the 
ottrelite was the last mineral to form in them : it encloses the grains of 
quartz of the cement, both when they are easily recognized as clastic 
in the grauwacke and when of doubtful origin in the fine-grained schist. 
The muscovite, which is evidently a metamorphic mineral in both 
rocks, formed before the ottrelite, although not enclosed in it, for in 
position and arrangement it is not afifectcd by the latter, and it seems 
necessary to suppose a chemical solution of the muscovite which filled 
the space between the quartz grains at the time the ottrelite came to 
fill that space. The ilmenite-chlorite plates also formed before the 
ottrelite, since they are enclosed in it. 

In the grauwacke the muscovite is found penetrating the crushed 
pebbles of quartz along the cracks, and even penetrating into the sub- 
stance of the quartz a minute distance where there is no visible break, 
indicating a marked mobility for the solution from which this mineral 
formed. The ottrelite, on the other hand, forms in comparatively large 
unbroken areas enclosing the other minerals, somewhat analogous to a 
concretionary formation. Such an ottrelite grauwacke illustrates anew 
the position of ottrelite in the scale of metamorphism, occurring, as it 
does often, in or associated with rocks that retain at least a part of 
their original characters. Its late formation in the rock, posterior to 
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quartz, ilmonite, muscovito, etc., may iudicats n higher degree of meta- 
murphiani than thuKe minerals aluuc would do, or the presence of some 
Bpeciol geulugiutl or chomicol couditiouH, to which wo hnve as yd 
no clue. 

Graphite Schist with /Imeaile Plata. — This rock occurs aa a boulder 
nn MitLntonamah Hill, Newport, H. I., aud contains plniit impressiunH 
(Dale). 

It ie a BoFt hkck graphito Bchist, contnining irregular metallic plates 
resembling ottrelite, which are two or three milHiuoters lung aud 
0,12 mm. thick. Those pintea can easily he spht off with a knife, 
leuviiig a dull tilra of chlorite below them. They are imperceptibly 
miigiiutic, are attacked with great dilhuulty by boiling hydroc'btoiia 
acid, and the yellow solution gives ii strong titauium test with tin-foil : 
they are tberefore ilmenite. In the slides the rock is composed of small 
grains of quartz, flakes of muscovite and chlorite, and specks of graphite 
and iron ore (probably ilmenite). The lari;e ilmenite plates have 
fhiqucnily a spindle-shaped crosB-section (i. e. discoid plates), and have 
a kernel of leuooxene (titanite). Some are bordered on each aide by a 
thin plate of chlorite, some by hrilliaully polarizing muscovite. The 
rock is evidently of Carboniferous aga. 

Occurrences of minemls of the ottrelito group in the region oF schists 
and gneisses of Contrjd aud Wosteni Maasai^liusetta are raentioned iii 
niinortdogics, but the writer has fouud no niitroscopicftl descriptions 
of the rocks. A part of the so called ottrelite schists, such as the 
"apanglod mica-slate" of Hitchcock (Geologj' of Massachusetts) are 
probably ilnienito schists. 

In the Western or Green Mountain region, ottrelile and ilmenite 
plates occur in schists, or phyllitos investigated by the writer for the 
U. S. Geological Survey, both iu specimens collected by Mr. T. N. Dale 
from the Western Cambrian (or younger) rocks (Taconic region), and 
also from the Cambrian series of Hoesac Mountain in the asis of the 
Oroen Mountains, full descriptions of which will appear in the furth- 

Tlio ottiL'lite Bchi.st of Hoosac Mountain occurs in several pl.aces in 
the albitc-]ihyllito series n-hioh overlies the bis-il Camlirinn conglom- 
erate. The ottrelite rock is a silvcrj' jrreenish schist, containing crj-s- 
tals of red Rarnot and small prisms of tourmaline, and spotted with 
plates of iittrt'lite. In the Kli<les the rock is composed of muscovite 
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(serioite) in tbo usual interwoven aggregates, irregular plates of chlo- 
rite, grains of quartz, occasional crystals of albite and the ottrelite, in 
small irregular plates with the usual pleochroism, etc., which sometimes 
appear spindle-shaped in cross-section (discoid). Small, irregular black 
metallic plates also occur in the rock. 

The Taconic region of Grcylock Mountain, the highest summit in 
Massachusetts, lies immediately west of the Hoosac scries, extending 
west in turn to the Taconic range, which forms the boundary between 
New York and Massachusetts. The rocks of this area are in largo 
part phyllites of many varieties and colors, often dotted with crystals 
of albite like the similar rock of Hoosac Mountain, containing garnets, 
tourmaline, etc. The black metallic plates are wide-spread in these 
phyllites, exhibit the same properties, such as very feeble magnetism, 
difficult solubility in hydrochloric acid, presence of titanium, etc., that 
those from the Rhode Island graphite schists do ; they are therefore 
ilmenite. 

In the slides these rocks are composed of sericite, generally intimately 
interwoven with chlorite, and small grains of quartz. Masses of black 
ore, prisms of rutile, etc., are abundant. In some varieties the albitic 
feldspar becomes an essential constituent. The ilmenite plates are 
commonly sandwiched between two plates of dark green chlorite, exactly 
as in the Rhode Island rocks. In many of these rocks microscopic 
plates of ottrelito, spindle-shaped in cross-section, exist enclosed in the 
meshes of the mica. 

April, 1890. 



No. 9. — CorUrilnUions from the Petrographicai Laboratory of the 

Harvard University Museum. 

HI. 

On Keratophyre from Marblehead Neck, Massachusetts, 

Bt John H. Seabs. 

This interesting rock Yonnation was first noticed by Prof. W. 0. 
Crosby in the American Naturalist (Vol. XI. No. 10, 1877, p. 585), 
where ho says : " Near the middle of the southwest side of the harbor, 
yisible only at low tide, is a hard, whitish, fine-grained sandstone or 
arenaceous slate. It overlies unconformably the banded petrosilex 
found on the shore." In the " Occasional Papers of the Boston Society 
of Natural History, III. Contributions to the Geology of Eastern Massa- 
chusetts," Professor Crosby says again of Marblehead Neck (p. 263) : 
*' It is not generally known that this rocky peninsula, which may be re- 
garded as lying on the extreme outskirts of the Boston Basin, includes 
beds probably referable to the same horizon as the slate and conglomer- 
ate on the south and west. Briefly stated the facts are as follows : 
Near the middle of the northwest shore of the Neck, visible only at low 
tide, is a hard, whitish, fine-grained sandstone or arenaceous slate ; it is 
evidently largely feldspathic and turns yellowish on weathering. Por- 
phyritically interspersed through the rock are clear, almost transparent, 
rhomboidal crystals, from one eighth to one fourth of an inch long ; 
these have been examined by Miss Hattie A. Walker and proved to be 
orthoclase." 

The next notice of this rock is in the Proceedings of the Boston 
Society of Natural History (Vol. XXI. Part 3, p. 288), " On the Tra- 
chyte of Marblehead Neck," by Dr. M. E. Wadsworth, in which he 
says, '' Near Boden's Point, on the northwest shore of Marblehead 
Neck, there is to be seen, exposed between high and low tide, the re- 
mains of a trachytic overflow." On page 290, Dr. Wadsworth says: 
'' One of the feldspars, porphyritically enclosed in the groundmass, was 
obtained in the section. This is clear, glassy, and contains only a slight 
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amount of the grounHmoss uud a few fiill fluid cavitiee. It is a simple 
oryetal of BonidiD." 

Dr. Wadsworth's field-work upon this formation was very thorough, 
Kud but little ia required in addition to his clear doacription of it. A 
few notOB, however, taken Iram hia description aud the observatioDs of 
the writer, mBj be of interest. This formation, uow delenuiuod to be 
korntopbyre, can bo seen nt low tide near the reaideuce of Mrs. Harding 
on Eoden's Point, Marblehead Neck. It appears as the much eroded 
reniaiua of a surface Sow, and extends two hundred yards in a, nortb- 
eaaterly direction, with a width of aiity feet at the lowest point of oh- 
Bervolion. There are smaller masses of this rock three hundred yards 
from this point in the same strike (northeast), which are exposed only 
at eitremely low tides. About live hundred yards south of Bodcn'a 
Point, near Flying Point, the eruptive granite cute the metamorpliic 
slate of the liostou Basin aeries, and near this point also the granite is 
out by dikes of quartB-porphyry (felaito). Near the keratophyre, and 
dipping under it, is a banded felsite. Both the granite aud the felsitc 
ore cut by diabase dikes. Tlie felsite tends to the northeast, and forms 
the larger portioTi of the bed rock of the Neck. The banding of this fel- 
Bite dips towards the harbor nearly north, and lying upon it is the kerato- 
phyre. Between the lowest points of oliservation aud the banded felsite, 
a conglomerate of varying thickness composed of fine felaitic debris, 
holding rounded and angular fragments of the felsite, is found in several 
places enclosed in the keratophyre. In some places the keratophjTe 
rests directly upon the felsite, while in others the conglomerate inter- 
venes between them. The line of contact between the keratophyre 
and the felsite debris is well marked; specimens of the keratophyre 
detached at this point show a basal surface very rough and pitted where 
it conforms to the irregularities of the conglomerate. The keratophyre, 
licing exposed to the sun, rain, and the action of the frost and the 
ocean waves, is much decomposed on the surface ; but the least altered 
specimens obtained are of a brownish or bluish gray color, having a 
conchoidal fracture and a compact groundmass, holding, occasionally, 
largo K'i^sHy crystals of anorthoclase, some of which are one fourth of an 
inch in lenjrth, and, rarely, plates of biotite. The groundmass in thia 
section under the microscope is shown to be filled with lath-ahaped feld- 
spar crystals, which .ire somewhat decomposed. The base is an earthy 
kaolini^ed mas-i, with irroi;ular miisscs of quartz and earthy limonite. 

Dr. Wadsworth descrilicd the rock from microscopical study as con- 
sisting of a i;roundmass composed of ledge-fonncd crystals of feldspar, 
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either in single crystals or simple twins, which had the optical prop- 
erties of orthoclase (although some might be triolinic) and enclosed 
between them varying amounts of a decomposed base, and of quartz 
which he regarded as secondary. The porphyritic crystals were deter- 
mined as orthoclase (sanidin). The rock varied considerably in fresh- 
ness in the several specimens. This rock, occurring thus as a surface 
flow, was called "Trachyte" under the classiBcation used by Dr. 
Wads worth, corresponding in this case to the " Quartzless Porphyry " 
of RosenbuscL 

During the season of 1889-90 eight sections of the keratophyre and 
several sections of the detached anorthoclase crystals have been pre- 
pared for microscopic study. Numerous crystals from the groundmass 
have also been detached for the purpose of obtaining the specific gravity 
and chemical analysis. Biotite mica is often found in hand specimens, 
and occasionally augite, although the latter has not as yet been detected 
in any of the sections cut. 

In the light of our present knowledge and with further investigation 
it is possible to supplement Dr. Wadsworth's accurate descriptions, and 
to determine the feldspar phenocrysts as anorthoclase, and the rock as a 
keratophjp'e. The phenocrysts occur as crystals elongated parallel to 
d, with a square cross-section owing to the presence of the base and 
brachypinacoid ; in addition to the two cleavages there is a rough trans- 
verse fissuring. The crystals are quite glassy when fresh. In the rock 
slides, in polarized light, the different feldspar sections show marked 
optical peculiarities ; there is often a very fine single, or double (micro- 
cline) twinning ; sometimes the whole of one section of the mineral 
consists of irregular areas not extinguishing in common, which resemble 
the phenomena produced by mechanical causes ; these areas contain 
very fine lines crossing each other at various angles in the different 
areas ; in other cases there is a very fine zonal structure. Sections pre- 
pared parallel to the base show this fine irregular double twinning, and 
give an extinction 1° to 2® oblique to the line of the second cleavage 
(oo P oo), and sections parallel to the latter cleavage give an extinction 
about 9® oblique to the line of the first cleavage, with an obtuse posi- 
tive bisectrix about perpendicular to the face, the acute bisectrix a 
making the angle of 9® with the basal cleavage. These sections also 
show sometimes a very fine indistinct microperthite striation. The 
angle between the two cleavages was determined in the reflecting goni- 
ometer as approximately 89*^ 42', about that of microline. The specific 



MUSEUM OP COMPAIUTIVK WiiJLOUY. 



1C» 



r m single ciyBtnlB or aimplo tninii, which hot) thn '){iticiil iiriij)- 
■ of orthoclasu (ulthmigh soino niit;ht Ut tridiiiiu) uml aiclumKl 
1 them varying aiauuuts of a duonijioiied baaa, and uf ijuurlz 
- vluoh he regordiid as Bccondaiy. Thu juqihyritic ciyHtuIti wcrw diAur- 
. mined u orthocloaL' (^nidin). The ruvk vuriud coiwiduruhly in frunli- 
. BMi in the Boverol Bjicciincmi. Thin ruclc, ucciirring tliiiit um u mirfiwi'; 
. Aov, was called " Trathj-tc " under th« cliutnit'i'MUiu unud Ijy Dr. 
Widawortb, corresixjudint; iu this ciuic Ui tlm " <J>iiirtzli.-uH I'lirphyry " 
of BoaenbuacU. 

Doriog the season of l^S'J-ilO (.■i;,'ht w;ctioiin of tlto ker^t;\>hyT<: iiii'l 
Mrcnl Bcctionu of the d'.tiichL-'i unonti'^liux: [:ryiittil» havo Uvn pri:- 
. pued for tDicro:iCO|<i'; rt'iily. Nuiuer'jU!* cryutulii froui th'.- t^r'^undinaiiii 
bftTC also been dctuch(.-i 1 >r the iiurjyjnc of ■AAaituu;! tlic aifxific ^ruvity 
and chemical an^lyv^iz. lii'.tiu.- mica ir. ofU'ti fo'jnd in liuud «jji:':ifii<.-ij<:. 
Mid ooc&BJoaalJy auu'ite, &l*.liou^li tli<.- 1att(.'r liac not an yt-t Iji^^n di.-tct:t<>J 
IB any of the ec-ctii. !.■■ '.iit. 

In the light of o-a- ] r«v;i.i k:.oiiiI..'J;ft find «ilh furtfi-.-r invwiti^/aiivn 
Ifc h possible tti 6t:;,pli.-ii.';;.', I^r. Wid-worti-'f. w/jorhU: dc-ecriptiouti, uid 
todatenuiue tht- f-.idrjjir j.i.'.Lv.r.v.': :-■. •iM,ri.U;:l/Lv . and ihi^ r-jck u n 

Ik air.L^r- .r -.:-'.'n-« owitijf t/j ibe [irwMrnuc <rf tljt 
•iuvv'id : iu ^i.'.iv:i to Uw two dew*i^M (bent U a r'^i^ t 
V .r.-./ Tbe (TfBul* wv '{Uitc i^LMaf «bM* fftali. lu tLe ruck 
u - .'z^ iJ^tt ^ d>fl^««iit Mdafnar mcCimu dxrw Tif*'*") 
f;._l^-'tie«; there ■« -jftvii a »«*y fia« aint^ «» duuUe (m 

KOMiuiw*) tix! wi>.4* «< 'jcic M<l*uu of the i 
• rfim^iJar a 

. i^uduced k7 ii.»;limtii»i » u— i ; 

■ utiiM id vanvua aii^nr tit lite diAwHt 
> tli«n ua 





H,OatU0"C 04 .91 

D,0 at red heat ... .37 1.28 

SiOj C5.C0 70.23 

TiO,* .03? 

P,0, .06 

AI,0, 20.05 15.00 

Fe,0, traces 1.99 

FeO , . . . . , . traces 

MnO 13 .2* 

CaO 67 J3 

MgO 18 .39 

K,0 6.98 4.99 

Na,0 C.fJG 4.98 

ni. IV, 

Ginclin, No. 1. No. 2. 

SiOj CS.'JO G5.I9 

AljOj 19.4G 19.99 

Fu,0, 44 .63 

CuO 28 .48 

MgO 

K,0 C.55 7.03 

NmO G.U 7.08 

H,0 13 .34 

Specific gravity 2.587. 

It is evident from tho analysis and optical properties tbat this is a 
triciinic Boda-potash feldspar of remarkable purity, and very evenly 
balanced percentages of Na and K, belonging to the aiiortlioclase group 
of lioseubuach. For comparison, analyses (III. and IV.) l>y Gniclin 
are appended of nuortLoclaso from the augito syenitu of Norway (Drog- 
• Tlic TiO, was not v.^ry i>urc, and ita [jrescuco in not absolulcly certain. 
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ger^ '' Die Sil. Etagen 2 und 3/' etc., p. 2G1). In the rock as a whole 
the same even balance between Na and K is noticeable, and the insig- 
nificant quantity of lime and magnesia. Allowing for the free quartz, 
base, and decomposition products as causing a relative increase of silica 
and iron and decrease of the alumina and alkalies, it is evident that the 
feldspars of the groundmass are closely allied chemically to the porphy- 
ritic crystals, and are probably also anorthoclase. The rock is therefore 
a very pure type of keratophyre. 

The microscopical structure of the sections made are as follows : -— 

No. 21. Keratophyre with anorthoclase crystal cut obliquely to an optic 
axis. Groundmass made up of minute twinned lath-shaped crystals of feld- 
spar, somewhat kaolinized, some quartz, and an earthy fibrous kaolinized base. 
In the centre of the porphyritic feldspar crystal are numerous microliths and 
a few ferritic masses, similar to and probably composed of the base, which 
penetrates the edges of the crystal. 

No. 21 A. Keratophyre and an aggregate of the porphyritic crystals. 
Qroundmass nearly as in No. 21. One of the phenocrysts shows twinning 
after the Carlsbad type. 

No. 21 B. Keratophyre with one porphyritically enclosed crystal. The 
crystal is cut nearly parallel to the second cleavage, and gives an almost per^ 
feet interference figure of the positive bisectrix. The basal cleavage is well 
developed, and the stri89, or fine twinning, are well marked in polarized light. 
The groundmass is more generally composed of the minute lath-shaped feld- 
spar crystals, some of which are clearly twinned anorthoclase of the same form 
as the larger crystals. There are also small patches of quartz. 

No. 21 0. Keratophyre with one large porphyritic feldspar crystal cut 
obliquely to the brachydiagonal, which in polarized light shows a microper- 
thitic intergrowth and a very perfect example of fine and interrupted twinning. 
Through the crystal are several fluid cavities and a few microliths of a reddish 
color. The groundmass is more kaolinized, and the minute lath-shaped crys- 
tals are less distinct. Small irregular masses of quartz and considerable 
limonite and earthy matter pervade this section. 

No. 21 D. Keratophyre section cut across a joint plane which is filled with 
vein quartz ; numerous irr^ular patches of quartz ore scattered all through 
the section. One mass is a basal section of original (7) quartz ; it gives the 
uniaxial cross, and is shown to be positive by the mica plate. Some scales 
of biotite and numerous small grains of magnetite are seen in the groundmass, 
which is composed of a fibrous feebly polarizing kaolinized mass of the decom- 
posed minute lath-shaped feldspar crystals. One of the enclosed phenocrysts 
cut nearly parallel to the base shows numerous microlithic inclusions, and sev- 
eral fluid cavities in which the bubble movement is seen The outer edge is 
deeply penetrated by the groundmass 
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Tho occurrenco of thia kemtopb^ro ao a aurliioe flow in oloae proi- 
iinily to the large intrusive masses of eloKilite- sodalite- EircoD-eyeDite 
of Solcm Neck and the iElnnilB in Salem Harbor, and tho augite- zircou- 
ayenite of Marblebead and tho Beverly shore, ia iutcresting, lus ahovring 
tho various forms assumed here by the alkaline magmaa uudcr diflerctit 
geological conditiouB or at different periods. 



No. 10. — MetamoTphism of Clastic Feldspar in Conglomerate 

Schist. By J. K WOLFF. 

In the complex of metamorphio rocks which occupy the region of the 
Green Mountains in Western New £ngland^ two rocks are of importance 
from their wide distribution in Vermont and Massachusetts, and their 
striking appearance. These are the metamorphic conglomerate and the 
albite schist. 

Both rocks occur in typical development in Hoosac Mountain in 
Western Massachusetts, exposed to perfection both in place and in the 
great masses of fresh rock removed in the construction of the Hoosac 
Tunnel. Here the conglomerate, representing the base of the Cam- 
brian, rests on the underlying Archaean gneiss, with peculiar relations to 
the latter, both as to mineralogical character and structure, whose im- 
portance, as bearing on the origin of certain crystalline schists, has 
recently been stated by Professor Pumpelly.* 

This conglomerate attains a thickness of six to seven hundred feet, 
and is then overlaid conformably by the second rock, the albite schist, 
possessing a great but as yet uudetermined thickness. 

Detailed geological and petrographical descriptions of these rocks will 
appear elsewhere, and are not presented here ; but the truly detrital . 
character of the conglomerate should be stated, containing as it does 
true pebbles of quartz, feldspar, gneiss, or granite in a thoroughly crys- 
talline matrix, and also the necessary detrital origin of the conformable 
albite schist, now entirely crystalline. The latter rock is not confined to 
the axis of the Green Mountains, but occurs abundantly in the fossiliferous 
*' Taconic ^ region immediately west, associated with limestones, quartz- 
ites, and finer-grained schists or phyllites. The albite occurs in irregu- 
lar porphyritic grains of variable size, dotting the rock with its glassy 
crystals, often twinned in two simple halves according to the albite law. 
In thin sections it is strikingly clear and firesh, containing in the differ- 
ent specimens inclusions of muscovite, biotite, or chlorite, grains of 
quartz, grains or crystals of magnetite, epidote, rutile, etc., which are so 

1 The Relfttion of Secular Rock-Disintegration to certain Transitional CrystaUine 
Schists. Bull. Geol. Soc. Am., Vol. II. pp. 209-224. 

VOL. XVI. — NO. 10. 



No. 9. — CorUrQnttions from the Petrographical Laboratory of the 

Harvard University Museum. 

III. 

On Keratophyre from Marblehead Neck^ Massachusetts, 

By John H. Sears. 

This interesting rock formation was first noticed by Prof. W. 0. 
Crosby in the American Naturalist (Vol. XL No. 10, 1877, p. 585), 
where ho says : " Near the middle of the southwest side of the harbor, 
visible only at low tide, is a hard, whitish, fine-grained sandstone or 
arenaceous slate. It overlies unconformably the banded petrosilex 
found on the shore." In the '' Occasional Papers of the Boston Society 
of Natural History, III. Contributions to the Geology of Eastern Massa- 
chusetts," Professor Crosby says again of Marblehead Neck (p. 263) : 
'* It is not generally known that this rocky peninsula, which may be re- 
garded as lying on the extreme outskirts of the Boston Basin, includes 
beds probably referable to the same horizon as the slate and conglomer- 
ate on the south and west. Briefly stated the facts are as follows : 
Near the middle of the northwest shore of the Neck, visible only at low 
tide, is a hard, whitish, fine-grained sandstone or arenaceous slate ; it is 
evidently largely feldspathic and turns yellowish on weathering. Por- 
phyritically interspersed through the rock are clear, almost transparent, 
rhomboidal crystals, from one eighth to one fourth of an inch long ; 
these have been examined by Miss Hattie A. Walker and proved to be 
orthoclase." 

The next notice of this rock is in the Proceedings of the Boston 
Society of Natui-al History (Vol. XXI. Part 3, p. 288), " On the Tra- 
chyte of Marblehead Neck," by Dr. M. K Wadsworth, in which he 
says, " Near Boden's Point, on the northwest shore of Marblehead 
Neck, there is to be seen, exposed between high and low tide, the re- 
mains of a trachytic overflow.'' On page 290, Dr. Wadsworth says : 
" One of the feldspars, porphyritically enclosed in the groundmass, was 
obtained in the section. This is clear, glassy, and contains only a slight 
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amount of tho grounHmnsa and a few fiiU fluid cavities. It is a simple 
crystal of sanidin." 

Dr. WadBwortti'a (ield-work upon this formation was -very thorough, 
and but littlti is required in additjou to bia clear description of it. A 
fow notes, bowever, taken from his deacription and tbe obsorvatiouB of 
tho writer, may lie of interest. This formation, now determined to be 
keratophyre, can be aeeii at low tide near tho residence of Mrs. Harding 
on lioden'ii Point, iMarblehead Neck. It appears aa tbe much eroded 
remains of a surface flow, and extends two hundred yards in a uorth- 
eaaterly direction, with a width of aiity feet at the luwest point of ob- 
servatioa. There are smaller masses of tliia rock three hundred yards 
from tbis point in the same strike (northeast), which arc enpoaed only 
at extremely low tides. About live hundred yards south of lioden'e 
Poiot, near Flying Point, the eruptive granite cuts the metamorphic 
eUite of the Boston Bouin series, and near this point also the granite is 
cut by dikes of quartz-porphyry (felsito). Near the keratophyre, and 
dipping under it, is a banded felsite. Doth tho granite and the felaite 
are cut by diabase dikes. The fcleito tends to the northeast, and forms 
the larger portion of the bed rock of the Neck. Tho banding of tbis fel- 
eite dips towards the harbor nearly north, and lying upon it is the kerato- 
phyre. Between the lowest points of observation and tbe banded felsite, 
a conglomerate of varying thickness composed of fine felsitic debris, 
holding rounded and angular fragments of the felsite, is found in several 
places enclosed in tho keratophyre. In some places the keratophyre 
rests directly upon tho felsite, while in others the conglomerate inter- 
venes between them. The line of contact between the keratophyre 
and tho felsito debris is well marked ; speuimeiia of the keratophyre 
detached at this point show a basal surface very rough and pitted where 
it conforms to the irregularities of the conglomerate. The keratophyre, 
being exposed to the sun, rain, and the action of the frost and the 
ocean waves, is much decomposed on the surface ; but the least altered 
specimens obtained are of a brownish or bluish gray color, having a 
conchoidal fracture and a compact groundmass, holding, occasionally, 
largo glassy crystals of nnorthoolase, some of which are one fourth of an 
inch in length, and, rarely, plates of biotite. The groundmass in thin 
section under the microscope is shown to he filled with lath-shaped fcKl' 
spar crystals, which are somewhat decomposed. The b.ise is an enrtliy 
kai>lini/«d mass, with irregular masses of cjuartz and earthy limonite. 

Dr. Wndsworth described the rock from microscopical study as con- 
sisting of a groundmass couijioKed of lodgu-formcd crystals of feldHpar, 
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either in single crystals or simple twins, which had the optical prop- 
erties of orthoclase (although some might be triolinic) and enclosed 
between them varying amounts of a decomposed base, and of quartz 
which he regarded as secondary. The porphyritic crystals were deter- 
mined as orthoclase (sanidin). The rock varied considerably in fresh- 
ness in the several specimens. This rock, occurring thus as a surface 
flow, was called "Trachyte" under the classiBcation used by Dr. 
Wadsworth, corresponding in this case to the ** Quartzless Porphyry " 
of Rosenbusch. 

During the season of 1889-90 eight sections of the keratophyre and 
several sections of the detached anorthoclase crystals have been pre- 
pared for microscopic study. Numerous crystals from the groundmass 
have also been detached for the purpose of obtaining the specific gravity 
and chemical analysis. Biotite mica is often found in hand specimens, 
and occasionally augite, although the latter has not as yet been detected 
in any of the sections cut. 

In the light of our present knowledge and with further investigation 
it is possible to supplement Dr. Wadsworth's accurate descriptions, and 
to determine the feldspar phenocrysts as anorthoclase, and the rock as a 
keratophyre. The phenocrysts occur as crystals elongated parallel to 
dj with a square cross-section owing to the presence of the base and 
brachypinacoid ; in addition to the two cleavages there is a rough trans- 
verse fissuring. The crystals are quite glassy when fresh. In the rock 
slides, in polarized light, the different feldspar sections show marked 
optical peculiarities ; there is often a very fine single, or double (micro- 
cline) twinning ; sometimes the whole of one section of the mineral 
consists of irregular areas not extinguishing in common, which resemble 
the phenomena produced by mechanical causes , these areas contain 
very fine lines crossing each other at various angles in the different 
areas ; in other cases there is a very fine zonal structure. Sections pre- 
pared parallel to the base show this fine irregular double twinning, and 
give an extinction 1° to 2^ oblique to the line of the second cleavage 
(co P oo), and sections parallel to the latter cleavage give an extinction 
about 9® oblique to the line of the first cleavage, with an obtuse posi- 
tive bisectrix about perpendicular to the face, the acute bisectrix a 
making the angle of 9^ with the basal cleavage. These sections also 
show sometimes a very fine indistinct microperthite striation. The 
angle between the two cleavages was determined in the reflecting goni- 
ometer as approximately 89*^ 42', about that of microlino. The specific 
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It is evident from the analysis and optical properties that this is a 
triclinic soda-potnsh feldspar of remarkable purity, aiid very evenly 
balanced percentages of Na and K, belonging to the nnortliociasc group 
of Uoseobusch. For comparison, analyses {III. and IV.) by Gniolin 
are appeoded of anortLoclaBo from the augite Bycuitu of Norway (Broj;- 
* Till; TiO, W33 not vnry ]>urc, aud itu pru^ucu in not abtHilutcly i^urtuiti. 



BfUSEUM OF COMPARATIVE ZOOLOOT. 171 

ger, " Die Sil. Etagen 2 und 3/' etc., p. 2G1). In the rock as a nvhole 
the same even balance between Na and K is noticeable, and the insig- 
nificant quantity of lime and magnesia. Allowing for the free quartz, 
base, and decomposition products as causing a relative increase of silica 
and iron and decrease of the alumina and alkalies, it is evident that the 
feldspars of the groundmass are closely allied chemically to the porphy- 
ritic crystals, and are probably also auorthoclase. The rock is therefore 
a very pure type of keratophyre. 

The microscopical structure of the sections made are as follows : — 

No. 21. Keratophyre with anorthoclase ciystal cut obliquely to an optic 
axiB. Qroundmass made up of minute twinned lath-shaped crystals of feld- 
spar, somewhat kaolinized, some quartz, and an earthy fibrous kaolinized base. 
In the centre of the porphyritic feldspar crystal are numerous microliths and 
a few ferritic masses, similar to and probably composed of the base, which 
penetrates the edges of the crystal. 

No. 21 A. Keratophyre and an aggregate of the porphyritic crystals. 
Groundmass nearly as in No. 21. One of the phenocrysts shows twinning 
after the Carlsbad type. 

No. 21 B. Keratophyre with one porphyritically enclosed crystal. The 
crystal is cut nearly parallel to the second cleavage, and gives an almost per^ 
feet interference figure of the positive bisectrix. The basal cleavage is well 
developed, and the strise, or fine twinning, are well marked in polarized light. 
The groundmass is more generally composed of the minute lath-shaped feld- 
spar crystals, some of which are clearly twinned auorthoclase of the same form 
as the larger crystals. There are also small patches of quartz. 

No. 21 C. Keratophyre with one large porphyritic feldspar crystal cut 
obliquely to the brachydiagonal, which in polarized light shows a microper- 
thitic intergrowth and a very perfect example of fine and interrupted twinning. 
Through the crystal are several fluid cavities and a few microliths of a reddish 
color. The groundmass is more kaolinized, and the minute lath-shaped crys- 
tals are less distinct. Small irregular masses of quartz and considerable 
limonite and earthy matter pervade this section. 

No. 21 D. Keratophyre section cut across a joint plane which is filled with 
vein quartz ; numerous irregular patches of quartz are scattered all through 
the section. One mass lb a basal section of original (?) quartz ; it gives the 
uniaxial cross, and is shown to be positive by the mica plate. Some scales 
of biotite and numerous small grains of magnetite are seen in the groundmass, 
which is composed of a fibrous feebly polarizing kaolinized mass of the decom- 
posed minute lath-shaped feldspar crystals. One of the enclosed phenocrysts 
cut nearly parallel to the base shows numerous microlithic inclusions, and sev- 
eral fluid cavities in which the bubble movement is seen The outer edge is 
deeply penetrated by the groundmass 
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The occurrentM of this keratophyro as a surface flow in uloee proi- 
imity to tho largo iutrusivo massea of olceoUte- sodnlite- zircon-syonile 
of SfUom Neck and tbe ialnndH in S&lcm Htirbor, and tho augitc- zircoii- 
ayenita of Marblebead and tho lioverly shore, is interesting, as sliowiug 
the various fomia assumed liore by tho alkaline magniaa uudcr dilTerent 
geological conditioua or at diJTorent pcrioda, 




No. 10. — Metamorphism of Clastic Feldspar in Conglomerate 

Schist. By J. E. Wolff. 

In the complex of metamorphio rocks which occupy the region of the 
Green Mountains in Western New England^ two rocks are of importance 
from their wide distribution in Vermont and Massachusetts, and their 
striking appearance. These are the metamorphic conglomerate and the 
albite schist. 

Both rocks occur in typical development in Hoosac Mountain in 
Western Massachusetts, exposed to perfection both in place and in the 
great masses of fresh rock removed in the construction of the Hoosac 
Tunnel. Here the conglomerate, representing the base of the Cam- 
brian, rests on the underlying Archaean gneiss, with peculiar relations to 
the latter, both as to mineralogical character and structure, whose im- 
portance, ap bearing on the origin of certain crystalline schists, has 
recently been stated by Professor Pumpelly.* 

This conglomerate attains a thickness of six to seven hundred feet, 
and is then overlaid conformably by the second rock, the albite schist, 
possessing a great but as yet undetermined thickness. 

Detailed geological and petrographical descriptions of these rocks will 
appear elsewhere, and are not presented here ; but the truly detrital . 
character of the conglomerate should be stated, containing as it does 
true pebbles of quartz, feldspar, gneiss, or granite in a thoroughly crys- 
talline matrix, and also the necessary detrital origin of the conformable 
albite schist, now entirely crystalline. The latter rock is not confined to 
the axis of the Green Mountains, but occurs abundantly in the fossiliferous 
" Taconic " region immediately west, associated with limestones, quartz- 
ites, and finer-grained schists or phyllites. The albite occurs in irregu- 
lar porphyritic grains of variable size, dotting the rock with its glassy 
crystals, often twinned in two simple halves according to the albite law. 
In thin sections it is strikingly clear and ft*esh, containing in the differ- 
ent specimens inclusions of muscovite, biotite, or chlorite, grains of 
quartz, grains or crystals of magnetite, epidote, rutile, etc, which are so 

1 The Relation of Secular Rock-Di8inte(p*ation to certaiQ Transitional Crystalline 
Schists. Bull. Geol. See. Am., Vol. II. pp. 209-224. 
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similar iu character and arrangement to the same minerals outside that we 
have to Buppose thej were all fonned togetlior where we now find them. 
This b the well known character of these paeinio-porpliyritic Feldspon 
in phyllite-gueisB or ftildspar-pbyllite in general, and in the present caw 
their character aa lUbite has been proved by chemical and optical anuly- • 
Bis. That they should have some connection with the grains of true 
detrital ftldspar foiiud in the less metamorphosed phyllites of this region 
is easy to see, but difficult to prove. 

It should bo meutioucd that the Hootiac couglomerato in its 6110 
Bchistoao portious contains little glossy feldspars with albitic characters. 

This conglomerate occurs at iutervals for more than a hundred 
miles to the north, well into the ceiitre of Veniioiit, lying between the 
Cambrian quartzito of the Taconic region and the underlying gDolssea 
on the cast. 

Cine of the most striking localities is on Bear Mountain m Walling' 
ford, a few miles southeast of Rutland, Vermont, which was described 
and figured in the " Geology of Vermont," Volume I. pages 32 aiid 34. 
The conglomerate character is exhibited in wonderful perfection, the 
pebbles varying from almost boulder size to that of the grains of the 
finest sandstone. They are principally quartz (often blue) and fold- 
spur; the latter are generally of a dull white or reddish color, due 
to kaoliniiatioD. One of the large foldspars, tested by the ordinary 
methods, proved to bo microcline. In the Hoosac conglomerate tins 
feldspar alao occurs in the pebbles and in the underlying coarse gneiss 
from which tliey were derived. In the finer grained layers of the Bear 
Monntrtiu rock the cement predominates, so that the rock is a crystal- 
line schist contuiuiug little pea-sized angular grains of qu.irtz and feld- 
spar. This cement rock hero and at other localities glitters with small 
glassy fcldsp.ars, as does the albite schist of lloosac Tunnel. 

hi the finer grained portion.s of this conglomerate schist the detrital 
feldspars show interesting changes, which may throw some light on the 
formation of albite schists. The descriptions which folluw are based on 
material from one hand specimen, so that it will be understood that tlic 
changes obstr^ed are jirogrcssivo only by comparison, fiddspars side l>j 
side having been aflecteil to a varying degree by the forces of metanior- 
pliism, olilitenttng partially or else completely the original characters. 

In the hand s|)e<.imen the rock is a silvery green schist, the color 
due to large sinles of a light green muscovitc, which are arranged in 
parallel layers, and enclose between the meshes little elongated masses 
of quartz, and little ghissy feldspars, which are barely visible with the 
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lens. Grains of dull reddish or white feldspar and of blue quartz are 
evenly distributed through the rock. The quartz grains predominate, 
having their longer axes parallel to the schistosity, and often forming 
the cores of the lenticular bands of quartz. These quartz grains aver- 
age the size of small shot, while the feldspars vary from the size of a 
large pea to that of the smallest shot. 

The feldspars are often distinctly angular in shape. Even with the 
unaided eye it is seen that they have a rim of clear glassy feldspar sur- 
rounding the inner dull red or white core, the latter sometimes preserv- 
ing its boundary, made by straight lines or sharp angles, the former 
having a ragged edge which merges imperceptibly into the cement. In 
other cases the clear rim, instead of representing only a small propor- 
tion of tlie diameter of the feldspar, occupies half or more of the whole 
grain, and little tongues of the clear substance then ramify into and 
across the red core. The shape of these feldspars and their occurrence 
with the larger feldspar pebbles of the coarse conglomerate make their 
detrital character evident. The same is true of the grains of blue 
quartz. 

Small prisms of tourmaline, octahedra of magnetite, and rare grains 
of apatite, occur as accessories. 

In the slides these elements are easily recognized. The mica is 
entirely a greenish yellow muscovite in thick plates, which in the 
thicker slides exhibits a pleochroism varying from yellowish green to 
colorless, is free from inclusions excepting a rare grain of magnetite 
and of titanite (1), and has the large axial angle of muscovite. The clas- 
tic grains of quartz are recognized by their large size, and by the fact 
that in polarized light they are seen to have been strained, this effect 
increasing until some grains pass into a peripheral cataclastic mosaic of 
quartz grains produced from the original grain by crushing, between 
which flakes of muscovite make their appearance. Quartz also occurs 
abundantly in the meshes of the mica, in aggregates of interlocking 
grains, which sometimes enclose muscovite, and hence must have formed 
by chemical action in situ. 

Here and there little areas of clear feldspar occur, evidently the little 
glassy crystals of the hand specimen. They often have a lenticular form, 
flattened parallel to the schistosity of the rock, and the inclusions which 
they commonly contain have their longer axes paraDel to this direction, 
and are distributed in rough parallelism to the same direction. The 
inclusions consist of little flakes of muscovite and round or elongated 
grains of quartz and of magnetite. One of these feldspars is represented 



in Pigure 8 with black iucIuBions of magnetite and clear ones of quarti 
and miiscovitB, and having the typical irr^ulnr flattened shupe. Tbo 
feldapara of thia typo have a low even poUrination tint, yellow of the 
lower order even in thicker sUdeB, where othor foidspara show red and 
blue. Often without twiuuiug, or else twinned in single Lalvcs.less tre- 
qiiently multiple twmned with few lauiellio, they have the characters 
of the albite of the schistB. Some of these areas of glassy feldspar with 
the lianie general characters show tlio double twinning of microcUne. 

A variety of these feldspars is seen in Figure 7, which, having the 
same flattened irregular shape, with inclusions of muscovite, quartz, etc, 
in patnlln! arrangement, the same even low polarization and fresh glatuy 
look, are clouded in the centre by an Bggregat« of dots which form n 
central area witli vague boundary, but having the same polarieation 
color as the outer area. With the high power these arc seen to be fiuid 
inclusions with moving bubble, little flakes of colorless mica or kaolin, and 
black opoficito masses. 

We now come to the clastic feldspars, which are generally larger than 
those just described. Figures 1 and 2 represent typical cases. 

In Figure 1 the enlargement is fifty diameters. The feldspar polar- 
lEes in one low color and has a homogeneous extinction. One cleavage 
ia well developed in the slide parallel to the sltort edge ; the other, indis- 
tinctly parallel to the right hand edge. From the ohtuse angle made 
by the two cleavages. It is evident that the section is oblique to the zone 
of either cleavage. The outer shape of the grain, as well as that of the 
inner clondy portion, is evidently determined hj' the two cleavage Hues, 
which is some evidence of claHtic character when compared with the irreg- 
ul.ir shape of the albitic feldspars. The cloudy look of the central por- 
tion is owing to streaks of opaque kaolinized (1) feldspar containing fluid 
cavities, specks of black opascite, and stained by yellow limonitic pro- 
ducts, which lie in the clear feldspar arranged parallel to the second 
clcavaj;e. Those arc evidently areas of decomposition. As seen in the 
figure, these hands die out in the clear feldH]Mir rim. The whole feld- 
spar shows in polarized light indistinct multi)ilo twinning par:illcl to the 
second cleavage, which runs almost to the outer bomidary of the clear 
rim. There occur also, scattered through the central core, little bril- 
liantly polarizing flakes of muscovite, in part arranged parallel to the 
first cleavage. These become less abundant, but of latter size, in the 
clear rim, wliere tiiey are apt to arrange themselves parallel to the outer 
boundary; near tlic bouiidary they become still larger, and sometimes 
connect with the mica outside. The outside boundary of the whole feld- 
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spar, as can be seen in the figure, is irregular, the quartz grains and 
muscovite of the cement encroaching upon it. This is noticeable in the 
upper left hand comer, where a flat grain of quartz intrudes parallel to 
the cleavage. It cannot be determined from this oblique section to what 
variety of feldspar the grain belongs. The twinning excludes orthoclase ; 
it may be microcline. 

Figure 2 represents a section of another red clastic feldspar. This 
also polarizes as one crystal, and, as the section happens to be normal to 
an optic axis, it. is easy to see by the position of the axial bar that 
the cloudy centre and clear rim are in like crystallographio position* 
No twinning is visible. The cleavages are not visible in the figure, 
although present in the section. The principal cleavage is parallel to 
the long dimension, and the second cleavage parallel to the narrow side 
of the grain ; here again the outlines are determined by cleavage cracks, 
or by the corresponding crystallographio planes, unlike the albitio feld- 
spars. The substance of the inner cloudy core is filled with little flakes 
of kaolin or muscovite arranged parallel to the second cleavage, fluid 
cavities, and opascite specks. Here and there is a large, brilliantly 
polarizing flake of muscovite. The boundary against the clear portion 
is generally quite sharp, and parallel to a cleavage line. The two large 
black cracks crossing the specimen obliquely seem to be secondary 
weathering cracks filled with limonitic products. In the clear rim the 
larger mica plates are seen here and there, arranged parallel to the edge 
of the crystal and to the general schistosity of the rock. The ragged 
form of the outer edge is very marked in comparison to the even inner 
boundary. Tlie precise nature of this feldspar cannot be determined 
from the section* 

In the case of two other clastic feldspars (not figured) the following 
method was employed. The rock was sawn through so as to cut the 
feldspar in two ; from one side a thin section was made, while from the 
other a thin slice containing a section of the feldspar was sawn, the rock 
surrounding the feldspar cut away with a penknife, and the specific 
gravity of the fragment thus obtained determined, while a part of it 
was crushed on a glass slide, and the cleavage sections thus developed 
studied under the microscope. 

The first had a Sp. Gr. of 2.585, and among the crushed material 
cleavage pieces with the microcline doxible twinning are seen. In the 
thin section the crystal has an elongate shape, but the general outline is 
much less regular than in the previous cases (see Figs. 1 and 2). The 
central portion has the same opaque clouded appearance, owing to fluid 
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inuIuBionH, plates of kaolin, aud limonitic masses, but the boundary is 
less distinct ogniust the clear edge, which surrouuds only part of the 
crystal. The Diicrocliue twiuniug is secu in spots irregulurly dis- 
tributed amoug areas of single twinning or without visible twinniug. 
The twinniog runs into the clear feldspar rim ii short distance, then 
dyiog nut ; this feldspar of the rim, however, does not atop at the 
clouded edge, but extends into the clouded portion in irregular areas, 
whiob extiugiiisb together. Outside the entire feldspar grain, but often 
toudiiug it, there are areas of fresh glassy microoline, and also aggre- 
gates of little clear feldspars iu rounded grains of the albit« type. Lit- 
tle tongues of this fresh niicrocline penetrate the clastic feldspar graiu, 
and little veins of tlie ajbitic feldspar also cross ita comers. Quarti 
grains and muBcovil« plates also occur isolated iu the feldspar ; this 
grain seems to be micrucliue associated with glssey oiicrocline and albito, 
and possessing a clear boundary, which cannot be separated from areac 
within the cloudy portion. 

Tlie second feldspar (No, A), studied in the same way, had a Sp. Gr. of 
2.578 and indistinct microcline cleavage in the powder. In the slide it 
Bhows a faint double (inicroclino) twinning; as before, the central part 
is cloudy with the little kaolin or muscovito plates arranged in parallel 
lines, and also fluid cavities and irregular masses of brown limonite and 
black iron oside. Tlie core is Burroorided on the two long sides by a 
clear gkssy border of feldspar, aliout one eighth the width of the outii-e 
grain. It has a single multiple twinning, which is parallel to and ex- 
tinguishes with one of the sets of tivius in the core ; the boundary be- 
tween the rim and core runs in a general straight direction, although 
jagged in detail. Tlie rim contains flakes of muscovite, droplets of 
quartz, aud little singly twinned aJbitic crystals. At one end of the 
grain, but outside, there occurs a large irregular area of doubly twinned 
microcline, fresh and glassy, and distinct from the cloudy core which it 
tonclies, the clear rim being absent. This fresh microcline, which is 
evidently the same as that found in isolated areas in the rock, con- 
tains mica and quartz iiiclusions. It extends as a vein half across the 
clastic grain, f|nartB and mica mingling with the microcline. At the op- 
posite end of the grain a little vein starts from the outside and entirely 
crosses both the clear rim and the core ; it is at iirst composed of quartz 
and muscovite, then in the interior it changes to glassy microcline. 

This grain seems to be microcline from the specific gravity and optical 
testa; it has freshly formed microcline adjoining it and crossing it in 
veins ; it has a rim of clear feldspar in optical continuity with the 
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whole grain, contaiuing muscovite, quartz, and albitio feldspar, which 
may be itself microcline. 

Figures 5 and 6 illustrate the case of a clastic feldspar in which the 
clear feldspar rim ramifies through the grain, entirely crossing it. Fig- 
ure 6 represents the left hand middle portion of the grain, which is 
shown entire in Figure 5. The shape is roughly trapezoidal, with an 
irregular edge bounded by the muscovite of the cement. The whole 
feldspar polarizes as a unit, but in different tints. The clear rim and 
the little connecting cross branches (see Fig. 6) polarize in green, while 
the cloudy portion polarizes in blue, the two parts passing gradually 
into each other. The cloudy portion with high powers is seen to be 
filled, as usual, with fluid inclusions, flakes of kaolin and limonitio 
pi*oducts, which, as seen in Figure 6, are linearly arranged ; in polarized 
light the cloudy material is seen to be arranged in spindle-shaped 
masses. Two black lines which in both figures occupy the centre of 
the clear tongues are aggregates of muscovite, which connect with that 
outside the grain; several smaller tongues of muscovite also run in 
a short distance from the outside. Here and there in the clear feld- 
spar there are isolated large flakes or aggregates of the same mineral ; 
minute colorless grains with high single and double refraction occur, 
which are probably calcite. The relations of the clear and cloudy feld- 
spar are such that the latter occurs in little isolated areas encroached 
upon by the clear mineral. In one patch only, the clear feldspar shows 
twinning in a few isolated stripes. The cloudy portion shows none 
whatever, and there is no means for determining its original character, 
since only small residual patches remain. 

In Figure 4 there is represented a small feldspar which polarizes with 
a low even tint, is clear and glassy throughout, contains flakes of 
brilliantly polarizing muscovite similar to that by which it is sur- 
rounded, and has in general all the characters of the " albitic " feld- 
spars with this exception, that the left hand portion is cloudy ; this is 
due to the same cause as before, namely, fluid inclusions, flakes of kaolin, 
and limonitic masses. 

The feldspar of Figure 3 polarizes in the cloudy portion blue ; in the 
outer clear glassy portion, a red of a higher order, the slide being thick. 
The cloudy and clear portions have the usual characters ; the latter 
shows here and there a single twin lamella. 

In Figure 7 a small feldspar is represented of the albite type ; that 
is, it polarizes in an even low tint absolutely without twinning, and 
contains comparatively large flakes of muscovite arranged parallel to 
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the mbernla outaido. The centre, however, is cloudy, owing to fluid 
iuclusiouii and particles of limouitic materid. Compared with the csaeB 
previously described, tlio cloudy area is of less importaaco ; it not only 
occupies a amalJer portion of ttie whole grain, but the iDchieions me uot 
m such close agyregates ; thera is alflo uo differeuce in polarixiug tint 
between the clear and cloudy portions. 

In Figure 8, already referred to, we have the type of the pure 
"albito" variety of feldspar; uamely, a boraogeneouB area of feldspar 
without a linear boundary, having a soDiunbat longer dimension parallel 
to the aehistosity of the rock, glassy clear, and polarizing with a low 
tiut. In this case the black inclusions arc magnetite, the others flakes 
of muscovite. Muscovite hounds the grain on either side. 

In order to determine more accurately the nature of these feldspars, 
a portion of the rock was powdered and a separation of tho constituents 
made by the Thonlet solution. From the powder thus obtained slides 
were prepared by scattering a little of each powder in balsam on a glass 
slide and cautiously grinding down to the required thinness; tbe thin 
aeotiona thus obtained oould be examined microscopioslly nearly as well as 
in ordinary slides and with a predominanco of cleavage acctions. With 
tho first falling, the muacovitc, magnetLte< and tourmaline came down. 

Between the specifia gravity of anorthite, 2.76, and that of qunrt^ 
2,05, a little material was obtained, which was found to bo feldspar and 
quartz weifrhtod by mica or magnetite as impurities. At 2,G5, the hulk 
of the powder came down, which was found to be quartz ; between this 
and 2,G0, the lower limit nf plagioclaae, a considerable quantity of purt 
feldspar came down, which in the slidea exhibited the properties of what 
has been described above as the albitic feldspar; that is, the grains 
are untwinned or simply twinned, clear and glassy, with occasional 
muscovite or quartz inclusions. Sections could bo found cut parallel to 
the basal cleavage, twinned in two single halves and giving an extinc- 
tion 4° oblique to the second cleavage, while other sections cut apjiar- 
ently parallel to the second cleavage have an extinction 17° oblique to 
the first cleavage, and show a bisectrix slightly oblique. Without 
chemical analysis this is as complete a determination as was possible, 
and by Sp. Gr, and optical properties indicates albilp. With this albite 
there occur some grains of a multiple twinned plagioclosc, and some 
micrricllne apparently weighted liy inclusions. 

Anothor feldapathic portion of the powder was obtained between 2.C0 
and 2,5G, and the larger portion of this was microclino, A part was of 
tho fresh glassy variety, free from inclusions, with distinct double twin- 
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ning in many of the grains, and was evidently the glassy feldspar with 
these properties described as occurring in the sections of the rock in 
little areas associated with the larger clastic feldspars, or in independent 
flattened areas like those of the albite. Another portion of the micro- 
dine contained fluid inclusions, mica or kaolin flakes, and masses of iron 
oxide, and seemed therefore to represent the clastic feldspar. Ortho- 
clase was not identified. 

The interpretation of these facts is not easy, and they do not seem to 
the writer quite parallel to the cases of feldspar enlargement heretofore 
described. 

Van Hise ^ described an enlargement of clastic feldspars in certain 
Keweenawan sandstones in which the original orthoclase or plagioclase 
grain, charaterized by its kaolinization and a border of ferrite following 
the original roimded shape of tbe grain, was surrounded by a zone of 
clear feldspar with ragged outer edge, which extinguished with the core, 
and in which twinning bands were continued when present. The new 
feldspar was therefore crystallographically co-ordinated with the old. 

In the numerous cases of feldspar enlargement in eruptive rocks 
described by several writers, the new feldspar sometimes extinguishes 
with the old, sometimes does not, and appears then to be a more or less 
distinct variety. Professor Judd has lately described feldspar enlarge- 
ments * in a ** labradorite-andosite," which he believes to have been formed 
after the consolidation of the rock and its alteration by weathering, the 
new feldspar having formed through the alteration of the glassy base. 
The original labradorite grain is surrounded by a clear feldspar fringe 
across which the twinning planes of the core are prolonged, but in which 
the optical constants have a different orientation, appearing to belong 
to a more acid feldspar. Tongues of this feldspar sometimes pene- 
trate the old core, which is kaolinized. 

Van Hise mentions the fact,* that in the mica gneisses of the Black 
Hills the only microscopic clue to clastic origin of the rocks is found in 
the presence of particles of iron oxide in the outer portions of the (en- 
larged) quartz grains, but that this is evenly distributed through the 
feldspar, which hence has entirely formed in place. 

The feldspars described in the present paper seem to represent both 
this completed stage, and intermediate stages in which more or less 
original clastic feldspar remains. 

1 Am. Joum. Sci.. Vol. XXVII. p. 399. 
* Quart. Journ. Geol. Soc, Vol. XLV. pp. 175-186. 

s '« Pre-Cambrian Rocka of the Black Hills/' Ball. GeoL Soc. America, Vol. I 
p. 227. 
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It doos not seom possibk Uiat the contrast of cloiided kaoliniKed core 
Bud clear riu oould bo due to selective decomposition acting on oiiir 
boinugeneouc) grain, by which the centre was attacked, while the riiu 
was lelt clear. The elastic outline of the kaoliuizud piortioD, tbe ia- 
fllusioua of mica, (luartz, otc. iu tha clear part, allowing a ditfercnoe of 
origin, and the intricate manner in which the clear portion somotimes 
ramifies through the core, aeuut to negative this supposition. 

It soema necesaary to regard the kaoliuizatiou as antecedent to the 
formation of the clear feldspar. 

What then is the relation between core and rim ] In all the cobcs 
described in this paper, the two parts extinguish together, and, na in 
the cases described by Van Hise, seem to be crystallographically und 
optically continuons. Twinning sometimes runs from one to tbe other, 
Bometimes dies out in the clear feldspar. Iu many cases, however, the 
polarization tint of the core is different from that of the rim, and ob- 
flervod with the highest powers this seems to be inherent in the feldspar 
of tbe core and not duo to the visible products of kaolinization ; in cases 
such OS thnt of Figures 6 and G the kaolinized portions are simply little 
arena which grade imperceptibly into the clear feldspar, which perme- 
ates them in every dii'cction. It doos not seem possible to explain all 
these OBsos by mere outward growth of the feldspar grain by addition of 
fresh feldspar of the same species to the core ; but rather by an actual 
replacement of the detrital core by the feldspar of the ealnrgemeut, 
which oven in tbe least advanced stage iu this rock has gone so far as 
to leave but little beyond traces of the original feldspar, and tbe kaoim- 
iaition products. The whole serius by wbicli, if this cxplmiati'iu is the 
true one, oven the kaolin iaat ion products are seen gradually to dis- 
appear, could only be described and figured here by isolated cases, 
although there is an intimate gradation in the slides. The smaller feld- 
spars generally show this absorption most completely, until the per- 
fectly clear type of Figure 8 is reached, wbicli is undoubtedly n^fiiVe. 
The feldspar of the intermediate casus has entirely similar proj>erties 
aside from the presence of the fluid iuclnsions, kaolin, and iron oxide. 
In some of the larger feldspars the core is microclino, and the rim is 
perhaps the same (No. A) and this rim encloses small crystals of albitic 
feldspar and is adjacent to glassy microcline, which even penetrates the 
whole grain ; therefore it is necessary to suppose a partial replacement of 
the original grain by microclino (or regeneration if the clastic grain itself 
was originally microcline), with enlargement and subsequent formation of 
microcline outside tbe whole enlarged grain, which bad been fissured. 
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Both microcline and probably albite have also formed independently 
of any pre-existing nucleus, as far as their outline givea my clue ; but in 
other cases, if the fistcts are correctly interpreted above, the albite areas 
owe their position to replacement and accompanying enlargement of 
detrital feldspar cores of undeterminable species. 

It has been stated that this conglomerate of Bear Mountain passes 
into an albite schist in places, and that the Cambrian conglomerate of 
Hoosac Mountain also passes into a similar rock conformably at the top 
of the conglomerate series. The nature of the feldspar in the Hoosao 
rock and in the similar schists westward in Greylock Mountain has been 
proved by analysis. 

In the slides of several specimens from the latter region the albites 
show an apparent enlargement, not uncommon in the albites of albite- 
phyllites in general. These albites are in large rounded grains, either 
simple crystals or singly twinned. Each crystal polarizes homogene- 
ously, having a very ragged outer edge. They contain a black mate- 
rial disseminated through their substance, which is apparently black 
oxide of iron mixed with graphite ; this substance is sometimes evenly 
disseminated through the feldspar, or may be arranged in bands, some- 
times wonderfully curved. These bands may be parallel in two adja- 
cent crystals separated by the mica of the cement, showing a formation 
in planes independent of the single albite. crystals. Sometimes these 
bands occur only in the core of the crystal, and are bounded by a zone 
of clear albite, forming one crystal with the core. The outline of the 
banded core is then sharp and bounded by straight lines, producing an 
angular outline. In other cases the black material is irregularly dissem- 
inated through the core, but bounds it against the clear rim by a more 
or less continuous black line, which gives the core a rounded outline 
bounded by gentle curved sides, simulating quite closely the well known 
iron oxide bands which mark the limits of the original quartz grains in 
quartzites, enlarged by new silica. These are therefore apparenly en- 
largements of albite grains by new albite. Would it be possible instead 
to regard them as replacements of original feldspar grains by albite 
which grew beyond the limits of the original grain, did not entirely 
resorb the iron products, and sometimes affected their distribution by 
any pressure and movement which may have accompanied the chemical 
process by which the albite was formed! 

Habvard UiriVBBSiTT, Jane, 1891. 
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No. 11. — The Conditions of Erosion beneath deep Glaciers, based 
upon a Study, of the Boulder Train from Iron Hill, Cumber- 
land, R I. By N. S. Shaler. 

The conditions which determine the erosive action effected by conti- 
nental ice sheets are as yet imperfectly understood. We are not able 
to penetrate beneath the existing accumulations of this type ; their 
position makes even their superficial phenomena matters of difficult 
inquiry. All that we can hope to ascertain concerning the work done 
beneath these massive glaciers must be inferred from the effects which 
they have exercised upon the surfaces over which they once moved and 
from which they have passed away. 

Certain of these effects are so clearly indicated that there is no diffi- 
culty in interpreting the actions to which they were due. Others as 
yet remain extremely obscure. As the following inquiry was under- 
taken with the hope of clearing up some of these obscure problems, I 
shall preface this essay by a brief statement as to the present condition 
of our knowledge concerning certain features of the mechanical work 
done beneath the ice during the Glacial Period. The following described 
points may be regarded as fairly well established, viz. : — 

1. That the continental glaciers of the last Ice Period, though they 
clearly moved forward in the direction of the ice front, did not always, 
or even generally, accumulate large bodies of morainal matter at their 
margins ; the frontal moraines being on the whole small in amount as 
compared with the evident depth of the ice, and the distance over which 
the materials were moved. 

2. That wherever the rocks over which the ice moved were of a na- 
ture to furnish hard fragments, these were plentifully removed, and the 
consequent erosion of the surface went forward in a tolerably rapid 
manner. 

3. That the fragments loosened from the bed rock by the action of 
the glacier were often borne to a considerable distance from their points 
of origin, and that in this journeying the amount of erosion to which 
they were subjected varied greatly, some of the erratics evidently re- 
maining in contact with the bed rock, and serving to score or abrade its 
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Burface as tliey wore urged furward ; otliere were lifted into the body of 
e. Thus tliere were two kinds of glacial wear : the oue effetited 
by the plucking out of large fragmoota wliicli separated from the aiatrii 
sloug the Unee of fracture formed by the bed or joint planes, and ttie 
other effected by the rubbing of the bits of stone agaiuet the firm eet I 
VKik or against each other. 

That there were in certain places beneath the ice conaidemble 
Btreams of water moving between the overlying glacier and the firm set 
earth, these Biil>-glacial currentB being in many cases competent to move 
large (juautities of detrital materials. 

The points above stated appear to me to ho all which are of im- 
portance, and which Lave already been established in a conclusive way. 
The following problems aa to the work done beneath glaciers seem to ( 
be worthy of consideration, and to their elucidation the matters set fortlk | 
in this paper have been in the main directed. | 

Firat. As to the rate of erosiop on a surface of a given bardneas ' 
during the passage over it of a given length of the ice sheet. 

Second. The relative amount of glacial erosion accomplished by the 
dragging out of fragmoots, and by the grinding action of auch fragments 
upon oue another and upon the bed rock. 

Third. The relative distance the above named classes of detrital ma- 
terials have been transported. 

Fourth. The lateral dispersion of the debris on its journey from the 
point of origin towards the ice front. 

Fifth. The relative amount of wearing of pebbles of diverse hardness 
in the course of their transportation. 

Sixth. The eifects of pi-essure melting on the lower lying parts of 
deep glaciers, and the effect of such melting if it occurs in the process 
of erosion. 

Tliis list by no means exhausts the catalogue of questions concerning 
the nature and effect of glacial movement. It contains, however, a sug- 
gestion of all the problems which it seems to me possible to deal with 
from the facts which are considered in this paper. In searching for a 
district in which to prosecute the above mentioned inqniriea I sought to 
find a tlclil where there should be some smrtll, sharply limited ai-ea of 
rock, the material having a mineralogical cliaracter so distinct that it 
would not be possible to confound its waste with that from any neigh- 
boring locality. It was also necessary that the rock selected for study 
should be of sufficient hardness to insure it against speedy destructioa 
in the rough conditions of glacial transportatiou. It is furthermore 
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necessary that there should be a sufficient distauce between the selected 
locality and the sea to afford a chance for the display of a bowlder 
trail of such length as to afford indications of value. After much pre- 
liminary search of various localities in New England, I found that the 
boulder train from the so called Iron Hill in Cumberland, R. I., pre- 
sented by far the most satisfactory basis for the proposed study. 

General Description of the Train. 

The accompanying map will afford the reader a sufficient idea as to 
the geographical conditions of the district in which the trail from the 
Iron Hill lies. It will be observed that the iron deposit is situated in the 
town of Cumberland, which lies on the eastern margin of the valley of 
the Blackstone River, at a point about fifteen miles north of Providence, 
R. I. Although the contour map which accompanies this report, and 
which is reproduced from the plates prepared by the U. S. Geological 
Survey, will afford an excellent idea of the topography, the scale on 
which it is printed is somewhat smaller than is desirable for the com- 
plete display of the matter with which we have to deal. It would have 
been possible, from the original maps of the Survey, to have made this 
illustration on a more considerable scale, but the chart would have then 
been too large for convenient use. 

It will be observed that, except for the occurrence of a few somewhat 
isolated hills, the reliefs of this district have no great height. They 
rarely, indeed, exceed one hundred feet of elevation above the neigh- 
boring valleys. For about thirteen miles from its point of origin, this 
glacial trail lies upon a surface of bed rock of varied hardness, which 
still retains in good part the topography given to it by erosive agents 
which operated before the advent of the last Ice Age. The boulder 
clay or ground moraine of which the train forms a part is, except where 
it crosses these ancient valleys, usually not more than ten feet thick. 
It is likely that in this district there may be many deep valleys in the 
bed rock which have been entirely effaced by the thick deposits of drift 
which mantle this part of the coast between Valley Falls and Aquidneck 
Island. On that island the bed rock is again near the surface, the drift 
being rather more than fifteen feet in average depth, and except next the 
shores, where some washed drift occurs, consisting altogether of boulder 
clay. In this part of its course the movement of the glacial stream 
which bore the material deposited in the train may have been somewhat 
guided by the long ridge which forms Aquidneck Island, and by the 




I deep trough wbicU coustitutes the onsteru jiart of the fiord kaown u 
r JJarm^uautt Bay. At preaeut there ia al>out three buodred feet difTer- 
I encu ill the ultitude ut the bottom of the cbaouol aud the top of its | 
■ casttirn wall. It is likelj', bowever, that the d^bria which has accuniit- 
f laled since the Ice I'eriod has dimiuielied the dc])th uf this trough lo 

e amount of a hundred feet or more. The axis of the depression lies ' 
V ftpproximatel; in the pitth of the ice stream. It was, iudeed, parti; I 
I «cavated by the aame glacial movemeut which conveyed the fragmciiii ^ 

I boulder trail, aad therefore it naturally has the same general 
\ direction as that fuUowod by the glacier, 

mportaut etl'ect uf the chaanel which forms the main or westero 
I part of Narroganiiett Bay has been to hide a great part of the aurfaoe of i 
f the trnin beneath the watera of the sea. Aa will bo Been from the mnji, 
[ the train appears oii the shore upon both biJeH of the NHrragansett maiu 
' «hauuel, aud upon the islands in the hay wherever they exhibit deposits 
of till. It is evident, however, from the di)^tribution as ahown oo the 
map, that the ice stream, while pretty clesely following the path of the i 
depression, inclined to aurraount the eastern border of the channel. 
This tendency beoomea more n^arked aa we approauh the seaward end of ' 
the bay, for at that point we find the train inclining away from the 
mainland, or western shore of the embayment, and crossing Aquidneck < 
Island to its eaatom aide. It will he observed tlint this eastward ten- 
dency is probably increased in the part of the train which lies below the 
level of the sea. This is indicated by the fact that the area occnpii'd 
by the boulders touches the southwestern end of Martha's Vineyard, A 
gUnoo at the map will show that this requires a very sudden turn of the 
train to the eastward on the area beneaih the sea hetneen the mouth of 
the bay and the district occupied by Martliu's Vineyard. 

At first siirht, it seems improbable tliiit such a sharp fleiiiro in the 
path of the ice aa is above noted would have been likely to have 
occurred. There is evidently no barrier in the region beyond the mouth 



of Xarraf^ansett Bay which could have served to bring it about. While 
still in a state of doubt concerning this feature I had occasion to ob- 
serve ft similar sharp eastward turn in the 
southern end of the fiords at Mt. Desert, Mi 
comparable to that of Narragniiset.t Bay 
debouching into the open sea. In the Xar 
able to lind very clear evidence ns to the path of the ice after it escapes 
from the prcove between Aquidneck and Con^inicut Islands ; but on Mt. 
Desert we can see on the iaLinda which lie to the southeast of Somes 
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Sound distinct proof, aiforded by the numerous glacial scratches, that 
the ice turned sharply to the east through about the same angle as 
would be necessary to lead the train we are considering to the western 
end of Martha's Vineyard. The same eastward turning is observed in 
the direction of the glacial scratches at the west end of the mountain 
range of Mt. Desert, where a change of over fifty degrees of arc in 
the path followed by the ice evidently took place within a north and 
south distance of about one thousand feet.* 

A glance at the map which accompanies this report will make it evi- 
dent that by far the larger part of this boulder train lies beneath the 
level of the sea. At least nine tenths of its area is so hidden from view. 
Fortunately for the inquirer, a considerable, and perhaps the most impor- 
tant, part of the evidence which it affords remains open to inspection. 

Description op the Source of the Train at Iron Hill. 

The conditions of the deposit whence the boulder train was derived 
deserve special attention. They are eminently peculiar, and singularly 
well suited to be the subject of an inquiry such as is proposed in this 
writing. The material of which the Iron Hill is formed is a peridotite, 
a phase of olivine gabbro. The percentage of metallic iron in the ore 
varies between 25 and 45 per cent. The remainder of the mass con- 
sists in the main of olivine and felspar : the olivine is in small rounded 
grains, but the felspar generally occurs in the shape of considerable 
crystals. These are irregularly scattered through the mass, appearing 
in the greater part of the deposit: they constitute a very striking 
feature in the rocks, and enable the observer with great certainty to 
recognize a fragment derived from it. Under the influence of the 
weather, the surface of the boulders derived from this locality assumes 
a dark rusty brown color, while the felspar crystals retain a whitish hue. 
Pebbles of this material, on account of their conspicuous features, are 
often visible at a surprising distance, and present such peculiarities 
that the trained eye will never mistake them for those formed from 
other deposits. 

The area occupied by the peridotite deposit of Iron Hill is singularly 
limited. It appears as a unique boss of rock rising from the tolerably 
level country about it to the height of sixty feet above the base. (See 
Plates I., II., and III.) The greatest length of the mass is about 1,200 

• See Report on the Geology of Mt. Desert, Eighth Annual Report of the Di- 
rector of the U. S. Geological Survey, p. 1004. 



feet, ite greatest width about 500. The preoise position of ifa flaols 
ia more or less hiddou by dcposita uf drift, but a cureful survey nith tba 
dipping needle iudioatea tlmt the deposit has ft rudely elliptical form of 
the above numed dinieusioos, and vith the major axis in an approxi- 
mately north Aud south position. The roeks which border this deposit 
aro not disclosed at the contact. There are no outcrops within some 
huuilreds of feet of its base. Where found this " country rock " con- 
sists of sjenitic and gratiitio gneiss and mica schiet. These are, indeed, 
the only materials whiub have been observed in the immediate ueighbor- 
hood of the hilL 

All the evidonoo which has been obtained tends to show that this 
mass of ilmenite is in its nature a dike. The considerations which 
lead to this conclusion cannot well be discussed in this memoir. They 
are in general as follows. The rocks of this section of country are 
evidently steeply tilted. All the exposures which have been observed 
show dips exceeding thirty degrees of declivity. Therefore, if this iron 
ore were a bedded deposit, it would probably appear along a much 
longer line than that on which it occurs. We should expect, even 
allowing for possible faulting, to 6nd the bed repeated at other points in 
the field. It is true that bedded iron ores sometimes occur ia thick 
pockets, but in no onao known to me do these accumulations have the 
solitary character or the proportions indicated in this deposit. Tiis 
studies made by M. E. Wadsworth appear to afford good petrograpliio 
arguments in favor of the hypothesis that this ore has been injected 
into its present position.* 

A very careful search with the dipping needle over the fields for s 
distance of some miles from Iron Hill has failed to show anything which 
could excite suspicion that similar deposits exist beneath the thick 
mantle of drift which covers the greater part of this country. A yei 
more careful exploration for boulders has shown that only a very few 
small pebbles of tliis ilmenite exist in the district north, east, or west of 
the hill, and these are all of a size and shape which make it eminently 
probable that they have been conveyed to their present site by tlic 
aboriirinca or by the white occupants of the country. 

IVbbles of the Iron Hill peridotite have hoeu more or less employed f-r 
various usi-ful purposes, and so have secured a certain measure of arti- 
ficial distribution. 1'hey serve remarkably well for weights, especialiy 
those used for fastening horses. They make excellent ballast for boats. 
They are adapted for heating water, where the heat is coinniniiicated to 

• Tliia Bulletin, Vol. VII. (Geo]. Seriel, Vol. 1). p. IBS el seq. 
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the fluid by hot stones, — a method much practised by the Indians and 
other primitive people, and still in use by our farmers. Therefore it is 
not surprising that occasional specimens are found beyond the limits of 
the boulder train, but in many weeks of search I have never discovered 
a fragment away from the trail which did not by its present use or its 
association with other objects indicate that it had been artificially trans- 
ported. Only three boulders have been found to the north of the hill. 
These were rounded bits, such as may have been used by Indians or 
whites in various simple arts. As will be seen from the description of 
the glacial trail, the pebbles within its belt are extremely numerous, 
constituting for some miles of distance a considerable percentage of these 
drift materials. Therefore these sporadic fragments, always of small 
size, but not the smallest, and of a form likely to commend themselves 
for the before mentioned uses, need not excite suspicion that there are 
other and uulooked for sources of this material which may serve to 
confuse the indications which the traiu affords. The form of the train, 
BO far as it is traceable, and the condition of the fragments at equal dis- 
tances from the apparent source, alike indicate that all the materials 
which it contains have been derived from one locality. Throughout the 
observable portions of its extension, the train steadfastly and uniformly 
widens, and the fragments of peridotite grow smaller with the increase 
of distance from the source of the material. 

At no other point in New England has an ore which could be con- 
founded with this from Iron Hill been discovered ; nor, so far as I can 
learn, has a rock of like aspect been observed in any other part of this 
country. It seems therefore safe to assume that this boulder train 
affords excellent evidence as to the conditions which brought about the 
transportation of its fragments. 

The rock of which the Iron Hill is composed has been a good deal 
used in making pig-iron. From time to time the material has been 
quarried and exported to furnaces in New York and Pennsylvania. The 
large amount of ilmenite which it contains makes it an unsatisfactory 
ore, but the absence of phosphonis and the small amount of sulphur 
tempt manufacturers to essay its use. The result has been a sufficient 
amount of mining operations in the form of open pits somewhat to change 
the original aspect of the hill. Moreover, a large part of the boulders 
near the source of the train, and at various points in its length, have 
been gathered and shipped to distant parts. The illustrations (Plates 
I., II and III.) give the general form of the mass as it now appears. 
In its original aspect it had the regular arched shape which is common 
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> isolated masBea of hard, bamo^neous rock which has been worn 
hy glacial action. At the dose of the GlaoioJ Period this region prob- 

, kbly was for a time below the level of the sea, and during the re- 
elevatiou of the luud the surface of tho hill appears to have been exposed 

' to the washing action of the waves, by which the covering of drift mate- 
riais was iu good part removed from its summit and aecumulated about 

■ tbe base of the elevation. Tho slightly undercut clifiu on the eastern 
face of tho mass may likewise be due to wave action. The expauiiive 
effect of frost acting iu the frequent open joints, wLicli plentifully occur 

,_ wberever tbe rock is not covered by the drift, baa somewhat disrupted 
superficial portions of the maas. Notwithstanding these natural 

I and artificial changes, tho elevation atill retains the general aspect which 
it had at the cloae ot the Glacial Period. It lias probably not, on the 
average, lost more than six inches in depth of material since the ice 
pasaed away. 

In the details of its structure the iron ore which constitutes tbe Cum- 
berland Hill is remarkably uniform. There are relatively few joints, 
and these, except in the upper parte of the bill, are usually latent ; 
that is, they are generally developed only where the rock is subjected to 
a considerable rending force. At one place on the western aide of tho 
bill, near its northern end, there was until recently a large surface of 
rock exposed by the artificial removal of the drift, preparatory to quarry- 
ing work. This surface, containing an area of about five hundred square 
feet, WAS in precisely the condition in which it was left at the close of 
the Glacial Period. Tbe finest scratches made by the moving ice were 
not in the least effaced (see Plate IV.). From this and the other small 
and imperfectly preserved glaciated exposures which tiie bill atfords, I 
have sought to determine tbe nature and measure of the ice action on its 
mass. Of the several possible problems, two were selected for discus- 
sion ; first, as to the direction of movement of ice over the surface of 
the hill ; and secondly, the proportionate amount of wearing done by 
the plucking out of fragments and by the rubbing down of the surface. 

The data for determining tbe general direction of the ice movement in 
the region to the north and west of this district are imperfect, for the 
reason that the rock is not of a nature to have formed or retained glacial 
strite, and is generally covered with glacial detritus. The scattered ob- 
servations which are obtainable, serve to show that tho average move- 
ment was the same as that which is indicated by tlie central line of the 
boulder train. When, however, we study the scratches exhibited on this 
hill, especially those which occur on the large artificially exposed area 
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on its western side, we see that the general motion was accompanied by 
local and subordinate movements which were of a very complicated na- 
ture. In the lower part of the large exposure just referred to, the 
scratches, which are peculiarly well preserved over the entire surface, 
have the general direction proper to the normal movement of the ice in 
this field ; but within the space of a few feet they turn abruptly in the 
manner indicated in Plate IV. The change in the direction of the 
movement of the ice, which is indicated by the scratches in the distance 
of about five feet, is as much as eighty degrees of arc. Unfortunately, 
at the time of the observation the mass was broken away at the point 
where the turn was made, but from the remains of the surface it is clear 
that the total change in direction was accomplished within the distance 
of ten and probably within less than five feet. It is difficult to account 
for this sudden change in the course of the ice movement. The general 
inclination of the surface on which it occurred is slight, the hill rising 
on the eastward with a slope of not more than fifteen degrees, and to a 
height of only about thirty feet above the place where the turn occurs. 
The decline of the surface toward the valley on the westward appears to 
have been equally gradual. 

It may be remarked, in passing, that sudden turnings of the ice where 
it came in contact with slight obstacles appear to be much more com- 
mon in Southern New England than in the more northern parts of the 
continent. This may possibly be explained by the fact that the glacier 
during the last stages of its movement in this southern district con- 
tinued to advance even after it became relatively thin, and that in this 
condition it was more influenced by local and slight irregularities than 
was the case in the regions where it had a profounder depth. It is 
not at all likely that the steadfast flow which conveyed the materials 
of the great boulder train belongs altogether to the same part of the Ice 
Period as these, the last formed scratches on Iron Hill. 

The surfaces of the hill which remain as they were left by the ice are 
generally smooth. They exhibit, as is the case usually with massive rocks, 
a breadth of level or gently curved faces on which are incised the shallow 
depressions of the glacial scratches. Here and there we find cavities out 
of which large fragments have been plucked by the dragging action of 
the ice. Wherever these depressions left by the violently separated 
fragments exist, we observe that the angles of the depression have been 
more or less rounded by erosion subsequent to their removal. They 
occur in all states of obliteration, some retaining their originally sharp 
outlines, others being so far efiaced as to be almost indistinguishable. 
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' About one fiFth of the surface ia occupied by the pits whioh were left b;^ 
the removal of these larger fragments, the remainder being, except for 
tho poRt-glocial wear to which it has been subjected, iu the plftned dowu 

\ oondition rcBultiiig from the attrition, of the frogmeutB embedded in the 
moviug ice. We bave therefore to conclude that at least four fifths of 
the down-wearing of this mass during the luter stages of the glacier'a 
Action was aocomphsbed by the ecoring and scratching action of the 
glacier, and not by the plucking out of large masses suuh as oonstituti} 
the boulders in the great train. The portion of the eroded matter re- 
moved from tho grooves was, at the time of its formation, broken into 

I the state of sand, the grains of which, like the larger fragments, were 

I borne on by the glacial movement. 

aaaona which will appear lierenfter it is important to consider 

I wbetber or no tiiia relative excess iu the quantity of the fine-erained 
miiterjal removed by the ice was limited to the cloaing stagee of the 
Glacial Period. At first sight it seems likely that the thicker tho ice 
moving over a rock surface the greater would be its tendency to rend 
the rock over which it flowed. The pressure of an ice sheet ujHjn its 
base is directly as its depth, and up to a certain point the abrading 
power of a glacier must increase with its vertical section. When, how- 
ever, the ice has attained a certain thickness, it must attain the maxi- 
n effect which it can exercise upon the aiirfioe over which it moves. 
After that, the shearing action of the upper upon the lower parts of the 
ice must cause the superior part to flow over the lower without propor- 
tionately increasing the erosive action. 

In corroboration of the view that there was probably no great diminu- 
tion in the plucking action of the glacier in tlie later stages of its work, 
we Knd that the boulders of the train which lie nearest its source are the 
largest wliich appear anywhere in its path, and tinit from its origin to 
its extremity tho fragments in tlie train gradually, and rather uuifonnly, 
dimiuish in size through the process of rending by attrition to which 
erratics are commonly subjected in the process of glacial carriage. Wo 
furthermore note the fact that almost everywhere within the glaciated 
district where we can examhie a large surface of any of our mass- 
ive rocks, wo find, as here, that the projxirlion of tho scored away 
or ground down to the rent surfiices is generally very great. From 
these considerations I am disposed to assume that tlie material removed 
from Iron Hill in the form of boulders was very mui;h less than that 
which was carried away in the form of sand or yet more finely divided 
matter. 
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The reason for this relatively large wear of the rock surfaces by the 
process of scratching and grooving is easily seen : every part of the 
base of the ice was armed with bits of stone, which, held in the moving 
glacier, were dragged over the subjacent surface. When one fragment 
was worn out in the rude work, another was pressed down in its place. 
Each bit of rock worn from these grooves in turn became a cutting 
point : even the finest served to polish, and in so doing to remove, a 
portion of the rocky matter over which the ice moved. Thus the scor- 
ing and grooving work continuously went on, but the plucking out of 
fragments took place intermittingly. In order to have a mass thus 
plucked out from its bed it was necessary to have the strain which the 
moving ice applied to it so disposed as to lift it from its bed place, and 
in most cases this movement required that the detached rock should be 
overturned in a manner which required it to rise up into the lower part 
of the glacier. It is evident that the disruption of blocks of rock from 
their bed places would be more easily accomplished on a slope which 
inclined away from the course of the ice than in other conditions of 
exposure to the glacial flow, for in the first named position the blocks 
would have less support, and would need to rise to a less distance into 
the ice, than where the slope faced a current. To these conditions we 
may fairly attribute the ruder character of the surface observable on the 
southern slopes of many rocky hills as compared with the northern 
aspects of the same elevations. Unfortunately, the southern end of 
Iron Hill is so much covered with glacial waste that it is not possible 
accurately to determine the relative amount of plucking which went 
on there. The exposed surfaces, though limited in area, appear to indi- 
cate, however, that the amount of degradation due to this cause was not 
materially greater than upon the northern and more visible part of 
the bill. 

Although in its present condition the surface of Iron Hill exhibits 
but few boulders of its own material, the history of the place makes it 
clear that in its natural state it was plentifully scattered over with 
these erratics, the greater portion of which have been removed to be 
used in the manufacture of iron. Within the period of my own memory 
of the locality a large part of the erratic material has thus disappeared, 
and at the same time a large number of boulders from the southern end 
of the train have likewise been taken away. There still remain upon 
the surface of the elevation a number of considerable eri'atics, which 
being from parts of the deposit where the ore was of low grade have not 
been deemed worthy of export. The evidence goes to show, that the pro- 



I 



cess of plucking out boulders from tins exc«edingly firm set rock ODtin- 
ued dovfii to the very time when tbo ice ceased to act upou iLe surface. 
I liave found tlmae facts very difficult to reconcile with the commoD 
Tiew as to the ciroumstancea under which the glacier passed Hwsy from 
tliia part of tbo country. Tbo opiuion is. in effect, that the ice i 
gradually lost its energy of movement, and slowly came to an inactive 
or stagnant state. 

The evidence as to the suddeoDCSs with which glacial action ceased J 
at tbis point is paralleled at many other places in New England which 
lie at elevations within a few hundred feet of th<i shore line. It seems 
to me that this feature may bo accounted for on the supposition that 
this region waa cousidcrahly depressed beneath the sea at the tiuio ' 
when the ice lay over it, and that the glacial mass was not removed by 
gniduul melting, but floated away in the form of iceberg. The tntnei- 
tlon from the conditions of the ice sheet between the time when it 
rested cm and moved over the surfjice to that in which it disappeared | 
in tbo form of icebergs, may well have been brought about xnddenly ' 
by the progreaeive melting of the mass. I oannot discuss tbis hypoth- 
esis as to the conditions under which the glaciers of this district ceased 
to act, but I may be permitted to remark that this view seems mon 
consonant with the evidence than that which holds the glaciore in this 
part of the country to have grfldunlly stagnated and passed away by 
sub-aerial decay. 

Detailed Description of the Iron Hill Boulder Train. 

The general course of this boulder train, and its relations to the sur- 
face on which it lies, are fairly well shown by the map which accom- 
panies this paper. The most striking feature of the train is the pro- 
gressive widening of the belt of country which it occupies from its 
source to tlie sea. At the point of origin the train is not over 900 feet 
in widtli, and saving a few small scattered blocks which may owe their 
dispersion to the action of sea waves during a post-glacial submergence 
or to the interference of man, the width of the trail at its source does 
not exceed 700 feet; yet near Providence, R. I., a point about 75.000 
feet south of Iron Hill, it has widened so that the distance between its 
borders slightly exceeds 30,000 feet, and at tbe sea the belt occupied 
by the erratics is probably more than 40,000 feet in width. 

Throughout its estent tbis botilder train is in its central part most 
distinctly marked by the erratics. From this middle line tho boulders 
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progressively diminish in numbers towards the bouudaries of the area 
over which they are scattered. Thus in the more definitely indicated 
portions of the train, say at a point five miles south of its origin, it is 
possible, in favorable positions, to find a dozen or more fragments on 
the surface of a square acre, while on the margins the average number 
may not be one to ten acres of area. As indicated on the map, the 
boundaries of the train denote the limits within which fragments have 
been actually found. It is likely that occasional bits of the rock occur 
at considerable distances to the east and west of the points where they 
have been actually observed. From Iron Hill south to the city of 
Providence, field observations indicate that the margin of the train has 
been tolerably well defined. South of that point the boundaries become 
constantly more and more obscure. 

The obscuration of the margins of the train between Providence 
and the open sea is due in part to the fact that in the more southern 
district the boulders are to a great extent worn out by the attrition to 
which they have been subjected, but it is mainly attributable to the 
fact that a large part of the trail is covered by the waters of Narragan- 
sett Bay, or by the deposits of terrace gravels which have been formed 
since the ice moved over this district. The only part of the boulder 
train which is distinctly traceable in the region south of Providence 
are the marginal portions of its field. The central axis of the accumu- 
lation lies in the main channel of the bay. Not only is this southern 
portion of the train to a great extent hidden beneath the sea, but the 
portions of it which are exposed to view have been more exposed to 
the interference of man than the section north of Providence. Along 
the shores of Narragansett Bay the forests have been mostly cleared 
away and the land brought under tillage. These conditions have been 
favorable for gathering the boulders of iron ore, which could thence 
readily be shipped by water to the furnaces along the Hudson and else- 
where. Moreover, next the shores, the pebbles of convenient size have 
been much sought for boat ballast, for which use their great weight 
admirably fits them. 

Trusting the indications given by occasional fragments found in 
fields on either side of Narragansett Bay, the trail in the parallel of 
East Greenwich, R. I., is about 27,000 feet wide, and near the mouth of 
Narragansett Bay it has a width, as before remarked, of about 40,000 
feet. Thus, in a distance of thirty-five miles, the average widening of 
the path occupied by these boulders is about 1,000 feet for each mile of 
distance from the source, or in other words the lateral or excursive 
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movement of the rocka from the ceutral path of the train is about one 
tenth of the direct forward moveotent. 

At the source of the train the peridotite botilJora are plentifully in- 
termingled with, and to a certain extent overlaid by, materials brought 
from the region which lies to the northward of Iron Hill. It is evident 
that these Bcbistosc rocks yielded au abundance of erratics, and it is 
therefore not surprising to find that even at the outset the train has 
not more than one tenth of its maaa made np of the fr^ments of ore. 
The remarkable fact is that the boulders of peridotite rather plentifully 
occur on the surface of the drift in the aeotion imraediately to the 
south of the place whence they were derived. This thorough cum- 
iningling of the debris from different parts of the erosion field clearly 
indicates that there was some feature of movement in the ice vrbich 
tended to cooiingle the deti'itus which it bore, and to cfieot the com- 
bination in a very rapid manner. In other words, the vertical scatter- 
hig of the fragments in the body of the glat^ier evidently went on 
simultaneously with the horizontal dispersion which brought about the 
widening of tho belt over which they were dittperaed. At the distance 
of not moi-e than half a mile from the source of supply the intermiiture 
of the peridotite boulders with those derived from the bed rock appears 
to be complete. The oooasional artificial scotious in rood cuttings and 
wells show this feature in a clear manner. 

It sliould bo noted that the average distance between the pebbles of 
ore rapidly increases as we depart from the source of the train, and that 
this increase is occompanied by a somewhat projiortionate diniinntiou 
in the size of the fragments. This is approximately represented in the 
following table, which asaomblea the oiwervations made on many thou- 
sand erratics in the section of the train between Iron Hill and Provi- 
dence. South of that point, as before remarked, the greater part of 
the trail is covered by the waters of Narragausett Bay. 



It should be observed that this tahle must not lie taken as repre- 
senting accurately delcrmiucd data at the several points on the train 
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designated by the distance from the source. It indicates, however, in a 
diagrammatic way, the average of the observations, and may be taken 
as a fair approximation to the facts. In this connection it is well to 
note that one of the three fragments of ilmenite which have been found 
on the western extremity of Martha's Vineyard had a mean diameter of 
about five inches. 

The greater part of the fragments of peridotite which constitute the 
Iron Hill boulder train are contained in the till deposits which occur in 
its path. All those of large size are found in the drift of this nature. 
A few smaller bits, however, and these generally much rounded, have 
been discovered in the washed gravels along the shores of Narragansett 
Bay. The infrequency of the occurrence of this material in the stratified 
deposits of glacial waste is doubtless due to the fact, which has been well 
observed in this part of New England, that these water-borne sands and 
gravels have always been conveyed from a much greater average distance 
than the matter contained in the till or ground moraine. Observations 
which I have made in this field indicate that the average distance to 
which the ordinary rocks in the till have been transported is probably 
not more than three miles, while the mean carriage of the stratified 
materials is at least four times as great. 

A careful inspection of the fragments observed in the trail shows that 
the diminution in size of the erratics in their southward journey has 
been mainly due to attrition. Not one per cent of the fragments 
indicate by their form that they have been subjected to division along 
joint planes since they parted from the original bedding. As they de- 
crease in diameter they become more and more spherical or subovate in 
form, until they attain a size no greater than an ordinary billiard ball. 
It is a noteworthy fact that none of these bits have been found hav- 
ing a diameter of less than an inch, and the number of those w^hich 
approach this size is remarkably small. As a deliberate and extended 
search has been made for these smaller fragments, it seems likely that 
their apparent absence is not due to their inconspicuousness. I am in- 
clined to explain it by the supposition that the smaller the erratic the 
more likely it is to bo crushed into fragments by the rude strains which 
have served to round the larger bits. It is evident that the resistance 
to pressure arising from being squeezed between other boulders, or be- 
tween erratics and the bed rock, is in a measure proportional to the 
diameter of the peblile. A strain which would be withstood by a frag- 
ment six inches in diameter might crush to the state of powder one 
which contained only two or three cubic inches of material. It may in 
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general be assumed that the resistance which rocks of this intensely / 
bard nature oppose to crushing strains is inversolj as their size, &i)d in 
this way wo may account for the rapid manner in which roost of tha i 
observed boulder trains disappear, so that they are not traceable for more ' 
than a few miles from their origin. 

After observing the deficiency of small pebbles of material deriTed . 
from Irou Hill, I endeavored to trace the comminuted material within 
and near the evident path of the trail by determining the quantity cf 
magnetic sand wliich the glacial deposits afforded. Examinations for 
this purpose were made at several hundred points by carefully sepamtin^ 
the grains of magnetite attracted by a horseshoe mngnct from the other 
debris with which it was mingled. At 6rst it seemed likely that this 
method of inquiry would give important results, for it was at once made 
evident that the till material of the district contained from two to six 
per cent by weight of magnetic sand. It soon, however, became certain 
that this material could not be accepted as an indication of the trail, for . 
an extended search showed that something tike this amount of mngnetic . 
sand commonly exists in the glacial waste derived from the mptamor^ 
phosed schistose rocks of Southern New England, Thefa«t is that these 
ancient strata throughout contain a notable percentage of crystalline 
magnetite. An effort to diaoriminate the fine-grained material from Iron 
Hill by the amount of titanium it contained dso proved fruitless, for the 
reason that this substance very commonly occurs as an ingredient in the 
fornigiuous snuds of the drifL Thus the result of about a hundred 
assays made hy my assistant, Mr. Robert Robertson, was purely nega- 
tive, 80 far as the study of the boulder train was concerned, though it 
served to throw a good deal of light on the miuemlngical constitution of 
our glacial deposits. It proved that this heavy and little oxidizable in>n 
ore is in a measure concentrated by the actions which have brought 
about the formation of our glacial deposits. 

I have now set forth the most important features concerning this train 
which are not made sufficiently evident by the delineation of its path on 
the map. I neit propose to make these facts the basis for some consid- 
erations as to the nature of the actions which distributed the material 
over llie surface between Iron Hill and Martha's Vineyard. 



I have already noted the fact tliat the Iron Hill boulder train widens 
from its source to the sea, or for a distance of about thirty-five miles, at 
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the rate of about a thousaud feet for the mile of distance. It is evi- 
dently a difficult matter to determine the cause of this remarkable 
feature. At first sight it seemed to mo possible that the result was due 
to the action of floating ice, operating during the retreat of the glacier, 
and more or less aided by the action of the ocean waves during the 
submergence which apparently continued in this field throughout the 
closing stages of the Ice Period ; but the fact that the fragments with 
rare exceptions are found in the till renders it difficult, if not impos- 
sible to accept this explanation. Moreover, the gradual widening of 
the trail at the uniform rate above stated seems of itself to make this 
hypothesis quite untenable. 

There is another apparently possible cause of dispersion to be found 
in the successive advances and recessions of the ice during the closing 
stages of the Glacial Period. We might conceive that the successive 
forward movements varied somewhat in direction, and that the waste 
from Iron Hill might thus have been shoved about so as to widen the 
field which it occupied. In the region in which this boulder train lies 
there is no distinct evidence of such successive movements of advance 
and retreat of the ice, but in a region about twenty miles to the east of 
this line, in the valley of the Taunton River, we find from the sections 
along the line of the Old Colony Railway abundant proof that there 
were many successive, though slight movements of this nature. In a 
portion of the valley of the above named river corresponding in length 
and position to that extending from Iron Hill to Providence, there is 
good evidence of at least six of these successive movements of advance 
and retreat. These oscillations were slight and temporary, as is shown 
by the fact that the ice in each southward going did not clear away the 
previously formed incoherent deposits, nor were there any distinct 
frontal moraines formed at the margin of the ice field. The facts indi- 
cate that these variations in the position of the ice front amounted to 
only a few hundred feet of distance in the axis of the motion. In these 
successive advances and recessions of the glacial margin there may pos- 
sibly have been some alterations in the direction of the ice flow. It is 
a well observed fact that the margin of a glacier, if the ice sheet have 
a considerable front, is apt from time to time to put forth lobes which 
push forward in directions somewhat independent of the general course 
of the ice field. Moreover, we often find, in a district where the glacial 
scratches are well preserved, that the last scorings inflicted on the rock 
lie at a considerable angle to those which were antecedently formed. 

It will be easily understood that a uniform shifting in the course of 
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the ice over the whole trail would uot necessarily altor its tridth. It ii 
necessnry to suppose, if ne are to account fur the nidetiitjg of the field 
in tbis way, that the moTemenls were at once bo utimeroua utid so or- 
g&uized in relation to each other that thoy reeiilteil iti n dispersing 
action on the l)oiilders, which was the greater the farther tbey were 
awuy from their source. la other words, the difficulty with tliia 
hypothesis is that it will not account for the gradual and cBsentiBlly 
uniform widening of the train from its source to the Kca. This feature 
Beems to indicate some dispersing ageot which has served in a coustaiit 
manner to increase the distance between the fragments during their long 
southward journey, without at the same time deflecting the path from a 
tolerably direct line. I shall now submit the hypothesis which it soenia 
reasonable to fnime to meet these conditions. 

Where a continental glacier rests on and moves over a surface of rock 
it is clear that its bed is subjected to powerful abrading forces. The 
energy of position of the glacier breaks up the rock, grinds the greater 
part of it into small fragments, and thereby converts a certaiu amount 
of euei^y into heat. The experiments made by Robert Mallet, whioU 
arc set fiirth in his paper in the Philosophical Tratisactiona in 1S73, 
show that the energy required to crush certain of the harder kinds o( 
rock is Buffioient to elevate the temperature of the material to alwnt i 
200° Fahrenheit, This amount of heat appears to he aiifficient to melt ' 
soinewliore near an equal bulk of ice, provided the i''e was at llie tem- 
pcriiture of 'A'Z" when the melting began. 

The effect of this rock crushing, which is accomplished at or near the 
base of the glacier, is necessarily to bring about the melting of a certa 
amount of the ice. Another and doubtless a more important supply 
heat in this deeper part of the ice arises from the shearing movement 
of the particles of the glacier over each other. There can lie no doubt 
that the principal part of the energy of position of the glacier is 
pended in the work of impelling the particles of ice by eai;h other 
the unceasing movement to which they are subjected in the lower por- 
tion of the hheet. Some part of its energy is doubtless expended i 
differential movement which takes place in the upper purt of the soction, 
but by far the greater portion of it must be spent in liriuging about the 
tortuous shearing motions whieh we know from the ghicinl scratches 
occurred in Ihe section Immediately adjacent to the bed rock. The 
value of this heat-giving action cannot bo well ealimaled, hot there is 
rea.ion to believe that in amount it is many times as great ns th»t 
derived from the disruption of the rock which occui's at the base of the 
glacial maiis. 
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To the above mentioued sources of heat we have clearly to add a 
third element of action ; that which arises from the constant escape of 
temperature from the earth's interior. The amount of this is not well 
ascertained. It is probably not sufficient to melt more than a few 
millimeters of ice each year, but it has to be reckoned on in estimating 
the influences which are at work to bring about melting at the base of 
the glacier. From these three direct heat-giving actions, we are entitled 
to assume that a certain amount of the ice at the base of a moving mass 
of the material will inevitably be melted. In addition to these direct 
influences we must also take into account the probability, indeed, we 
may say the certainty, that the pressure of the superincumbent glacier 
indirectly favors the liquefaction of the ice at the lower parts of the 
section. As long ago as 1849, James Thomson theoretically estab- 
lished the conclusion that the effect of pressure was to lower the freezing 
point of water.* Shortly after, Wm. Thomson experimentally proved 
the verity of these theoretical considerations, and it now appears that 
where a glacial sheet has a thickness of three thousand feet, the freezing 
point of water is lowered to about 30^, or approximately two degrees 
below that at which it congeals in ordinary atmospheric conditions. 

It may be regarded as fairly well established that the ice in several 
points in Eastern New England attained a thickness of more than three 
thousand feet ; it is possible, indeed, that when the glacial envelope was 
most completely developed its depth much exceeded this amount. As 
we do not yet know the temperature at which ice enters a glacial mass 
such as recently covered the northern portion of this continent, we can- 
not make sure that this pressure alone would be sufficient to bring 
about melting at the base of the mass, even if it had the thickness of 
a mile. There can be no doubt, however, that the effect arising from 
the lowering of the melting point would be greatly to favor the liquefac- 
tion arising from the sources of heat before mentioned. It seems to me, 
therefore, that we are justified in assuming, at least as a working hy- 
pothesis, the existence of large amounts of molten water next the bed 
rock on which a deep glacier lies. This hypothesis seems to be ade- 
quately supported by the physical conditions of our drift deposits. 
Wherever these have been observed, we note the existence of many 
accumulations of washed sand and gravel, commonly known as kames or 
osars, which distinctly map out the position of subglacial streams of 
fluid water, which often coursed for scores if not hundreds of miles 
under the ice arches before they escaped at the margin of the glacier. 

• See Transactions of the Royal Society of Edinburgh, Vol. XVI., Part 5. 
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[ Id some casee, notably in the Eomewhat coiitimtous kame belt whioli 
eileiids up the Genesee valley from ita tnoulli to its source, we are ' 

mpellcd to believs that the Btream flowed beneath ico which probaliljr 
had, at least over a part of the path followed by the curreut, a depth nf I 
half a mile or more. It is impossible to believe that the water supply 
of this stream could have beeu furnished by tlic descent of the fluid 

I from the surface through crevices to the bed rock, for owing to tlic ease 
With which ico moves uuder pressure the weight of the superinruntbent 

F OHterials would make the uiaiutennnce of such passages fur the descent 
of the waters impossible. We are therefore driven to the conclusion 
that these subglacial channels occupied by the rivers which flowed upon 
the bed rock were fed from the meltiug which occurred nt the base of 
the glacier. 

The foregoing considerations make it appear likely that the water | 
lying at the base of a continental glacier would bo subjected to the very < 
great pressure of the overlying ice. "With ice having a depth of three J 
thouBand feet this pressure would amount to near ninety tons to the I 
square foot. I 

It appears tolerably evident that, uotwilh standing the pressure of I 
he superincumbent gliicier, the water which flowed beneath it passed 

I through continuous arches loading from the interior portions of the ica ^ 

^■fteid towards its margin. We may, therefore conceive that this water, 
for doubtlesa it had to wrestle with the ice for passage, moved irregu- 
larly towards the margin of the glacier, making its way in a violent 
manner by the olstniclinns which it encountered. The position of 
the kames of seritentiform outline which mark the position of these 
ancient subglacini streams clearly indicates that tlic course of the ice- 
covered wntejs was liable to much change ; as is shown by the eskers, 
their paths shifted in a somewhat sudden manner from one side of the 

, v.alley to the other. Near the margin of the ice where the depth of 
the slicct would permit the formation of crevasses which for a time at 
least would remain open, the erratic movements would doubtless be 
greater in amount than in the sections where the ice was so deep as to 
prevent the formation of fractures. "We may fairly conceive that the 
motion of tliesc subglacial streams, urged as tliey were by a pressure of 
many Inns to the square foot, would, nt least near the margin of the ice 
sheet, take place ivith parosysmal violence. Quantities of the debris 
whicli cnnie in the path of these vigorous currents would doubtless be 
urged laterally away from the axis of motion of the glacier, or borne up 
from near the bed rock into higher lying parts of the ice. Eacli cou- 
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siderable disruption of the glacier, by thus favoring the movements of 
the imprisoned waters, would be likely to bring about the transverse 
scattering of the rock debris. 

When first laid down, after transportation by these currents of water, 
the detrital materials would naturallv have the washed and bedded 
character proper to deposits such as occur in kames, but we know by 
observation that it often happens that such accumulations were soon dis- 
rupted by the motion of the glacier, the fragments taken into the mass 
of the ice to be redeposited with the aspect of ordinary till. Much of 
the drift material in Southeastern New England evidently consists of 
debris which has recently been in the form of washed and stratified 
gravels. A careful study of the drift in this section of the country has 
convinced me that by far the greater part of its mass has been at least 
once, and probably again and again, assorted by water before it was 
finally taken into the ice for the last time, to be laid down in the shape 
in which we now find it. It therefore seems to me that we are justified 
in supposing the horizontal dispersion of the materials contained in the 
boulder train from Iron Hill to have been mainly brought about by the 
violent movements of subglacial water. 

Attention has already been called to the fact that the fine debris 
derived from the scoring and polishing of Iron Hill, and from the com- 
minution of the boulders which are plucked from it, is not distinctly 
recognizable in the path of the boulder tram. The evidence of wearing 
afforded by the hill itself clearly shows that at least three fourths of 
the erosion which took place upon its surface delivered the iron ore 
to the glacier in the form of fine sand, such as is ground out from gla- 
cial striations or worn from the polished surfaces between the grooves. 
Moreover, by far the greater part of the mass of the erratics which were 
plucked from the rock was reduced to a similar state of division by the 
attrition to which the fragments were subjected. If this iron sand 
had been transported in substantially the same manner as the larger 
boulders, we should be entitled to expect evidence of the material in 
the path of the trail ; but, as before noted, this comminuted magnetite 
is scarcely, if at all, more abundant in the field occupied by the boul- 
ders of the substance than in the other parts of the country to the 
north, east, and west of the train. The only way in which I can ac- 
count for the disappearance of the fine debris is by supposing that it 
was borne away to a considerable distance by the subglacial currents 
of free water. 

Although there is considerable difference in the measure of wear tO' 




whiuti nil glaciut material is subjected, the debris from Iron Hill affords 
the hest iodication of such vamtiou which 1 have ever found. It is a. 
notiueablo fact, that within half a mile of the aourco of the material we 
occasionally find boulders which have heen completely rounded com- 
mingled with others which have been subjected to such slight attrition 
that their original form and size has hardly beeu altei-ed at all. Pro- 
ceeding down the train, we note the fact that gradually all the fragments 
become more and more rounded, but even at thirty-five miles away some 
of tlie bits appear to have retained some shore of their ori^^ual outline. 
It is true that the angularity of these fragments may in part be at- 
tributed to the succeasive fracturing to which they have been sub- 
jected, but for some miles from the source it is evidcut that many of 
the erratics have been in a manner preserved from attrition with the 
bed njck, or against other moving fragmentfl. This hatt probably linen 
brought about by a process irhich uplifted the well preserved erratics 
into the body of the ice. 

Before parsing from this part of our inquiry, it is worth while to note 
the striking contrast exhibited by this train of peridotite boulders as 
compared with certain other trains of softer material which are truccable 
in this section. In the region to the southwest of Iron Hill in the town 
of Smithfield, R. I., there are several outorope of a crystalline limestone 
which are sufficiently limited in area to afford distinct boulder trains. 
Although this highly nietwnorphoBed limestone has the hardness of 
ordinary mariilo, and by its structure affords erratics which are on the 
avemge larger than those plucked out from the ice at Iron Hill, the 
trains which are formed of it cannot be traced for more tlian five or sii 
miles to the southivard of the outcrops. We thus perceive llie measure 
in whicli tlio singular hardness of the rock from Iron Hill favors the 
proservatiiMi of the bonlilers derived from that locality, which 1ms heen 
able to journey more than ten times as far as the hard marbles of the 
Smithfield district, 

I may allude, in passing, to the fact that the relative hardness of the 
lied rock of auv district, as compared with that of the fragnicnts borne 
over it by frliiciei-s from otlier fields, is of much importnuce when we 
seek to explniii the distribution of glacial drift. Where the bed rock of 
any locality is hard, and tlie rucks lying just above it in the path of the 
glacial flow are soft, we generally find the surface of tliese hard m.i- 
terials occupied by little coarse dctrital waste, and this for the reason 
that the fragments are readily ground out ngainst the nether millstone. 
If the conditions are reversed, and the rocks from nhich the glat:icr came 
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are very resistant to erosion, while the given field is underlaid by soft 
deposits, we usually find the area thickly covered with boulders. This 
consideration will explain the very distant carriage of the erratics which 
we find in Southern Ohio, many of which have doubtless come from the 
region north of Lake Erie, or from points more than two hundred and 
fifty miles away from their present site, the whole of their course having 
been over rather incoherent strata. The reverse of these conditions 
eiist in New England, where the firm set rocks are usually hard, and all 
the debris which comes in contact with them in the process of glacial 
transportation is apt to be worn to the state of minute fragments. In 
this part of the country we can rarely trace a glacial train for more 
than a score of miles. 

The Rate op Glacial Wearing at Iron Hill. 

One of the most interesting series of observations which it proved 
possible to undertake in this inquiry concerned the rate of erosion which 
took place at Iron Hill during the time it was subjected to giaciation. 
Although, as will shortly be seen, the results of this research are of a 
rather discrepant nature, certain general conclusions which appear to be 
of value were obtained. As will be seen from the map, the part of the 
trail which lies to the north of Providence has the form of an acute- 
angled triangle, of which the base may be assumed to have a length of 
about 20,000 feet and the sides an extent of about 75,000 feet. The 
area included in this field is about 750,000,000 square feet. Our aim 
is now to ascertain the amount of the debris from the hill which lies 
upon this surface. From a careful inspection of the ground, I came to 
the conclusion that it is reasonable to estimate the quantity of detritus 
from Iron Hill which lies within this area as equivalent to an inch in 
depth over its whole surface, or say 60,000,000 cubic feet. Now the 
visible part of the Iron Hill rock does not exceed 600,000 square feet. 
It may be prolonged to the southward beneath the detrital deposits for 
the distance of a few hundred feet, and may extend somewhat to the 
westward under the drift materials ; but if we assign to the mass an 
area of 1,000,000 feet, we give it all the area which careful inquiry with 
the dipping needle shows to be probable. On this basis we may say 
that the train north of Providence contains the equivalent of a mass 
sixty feet in height which has been removed from the hill. 

Aftention has already been called to the fact, that not more than one 
fifth of the eroded matter from Iron Hill went away in the form of 
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boulders, — at least duriDg tbe dosicg stages i>T the Ico Period. By far 
tho greater part of ihe material was remopod iu the conditioD of fins 
laud, which haa been to a great extent swept away from tlie patli of the 
truiL Acoeptmg this cxtimntc, we have to reukon the croiiiou of this 
Burtuae during the period when the trail hetween the hill and Provj- 
deace was formed as ADtounting to about three hundred feet in depth. 
As the distance between Iron Hill and Providenoo is about scTenty-fivo 
thousand feet, the question arises, Can vie assume that, during the pos- 
tage of the ioe along this length of its course, anything like this great 
■mount of wearing was brought about at the aource of the tmil ! It is, 
however, by no moans certain that the distance traversed by the ice 
during the formation of tho trail diit not exceed the length of the field * 
f>cuupi«d by the debris wbiuh it conveyed. As before remarked, there 
are reuMona to su8{>cut that tho ice advanced and retreated several times 
whilo it lay on this part of the shore-land, and these advances and re- 
treats may have materially prolonged the time during which the tea 
continued to move u\-er the aurfuoo of the hilL If the ice long retained 
B Btationary front nt any point between Providence and Iron Hill, or if 
it* margin were subjected to successive oscillations, at no time falling 
back to the north of Iron Hill, then the Iwulders on this field represent 
the wearing effected by the passage of a much greater length of ice 
sheet than is indicated by the longitudinal extent of this part of the 
trail. 

After careful examinntion, I am inclined to doubt whether any con- 
siderable irretrularitios of movement such as have just been suggested 
ever occurred iu this part of the glacier while the train was forming, I 
can find no trace of frontal nwraiiios, such as would have been caused 
by any considemhlu pause in the retroat of the ice or the re-advanee of 
its frontal wall. Therefore, while granting the probability of a certain 
amount of oscillation in a glacial margin, I am not disposed to think 
that these accidents could have been of such magnitude as entirely to 
invalidate the computations as to the rate of erosion which wo have just 

I have before noted the probability that the ice went off from this 
district, not by the gradual retreat of its front to the northward, nor by 
stagnation followed by a slow jirocess of melting, but by the floating 
awav of the tliinned glacier in the waters of the sen, which at the close 
of the ice time stood at a hiu'bcr level than at present. If the ice sheet 
thus de]iarted in the form of berffs. we may the more readily accoufit for 
the prevailing al>scnce of small frontal moniines which we might cspect 
to mark the stages of its retreat. 
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There is yet another way of approaching this question of the rate 
of erosion brought about by the passage of a given amount of ice 
over the surface of the bed rock, — a method which is applicable in the 
study of many glaciated rock surfaces. This may be set forth as follows. 
The indentations on the surface which has been eroded by the glaciers 
are divisible into four classes : the pits which were left where disjointed 
masses of the rock were plucked out and borne away by the moving ice ; 
the grooves, or more or less distinct relatively broad channels, whicl^ 
have been carved in those parts of the rock made particularly accessible 
to erosion by the local softness of the material, or by the form of the 
surface, which led to local intensifications of the erosive work done dur- 
ing the passage of many successive cutting points composed of bits of 
hard rock held down upon the bed by the moving ice ; the scratches, 
which are distinguished from the grooves by the fact that they have 
been formed by the incisive action of a single point of hard material 
urged forward by the ice; and, lastly, the general polishing of the sur^ 
face accomplished by the attrition of very small powdery fragments, 
which were not large enough to be fixed in the ice or sufficiently hard 
to make perceptible grooves, but which served to smooth the rock much 
as a polishing powder acts when rubbed upon a surface of metal by the 
human hand. 

For our present purpose we shall limit ourselves to that form of gla- 
cial wear which is effected through the action of the distinct scratches 
or indentations which are produced by the movement of a point of hard 
rock over the glaciated surface. On many rocks which are thus eroded 
it is possible to measure the length and breadth of these indentations, 
and to determine the relative amount of wear which is in this manner 
brought about. It is rarely the case that the evidence to this effect is 
so clearly indicated as on the unweathered portions of Iron Hill. By 
carefully examining the glaciated surface shown in Plate IV. we find that 
we may estimate the depth of these scorings at an average of one twen- 
tieth of an inch, and we may reckon the channels as covering one fifth 
of the surface, the intermediate spaces being occupied by parts of the 
rock which have been polished in the manner above described. The 
average length of these grooves appears to be about eight feet. It thus 
appears probable that while these rock fragments which made the incis- 
ions moved for the distance of fifty feet, they eroded somewhere about 
one twentieth of an inch from the surface of the rock which is the sub- 
ject of this computation. At this rate, while the cutting fragments were 
moving for the distance of a mile, the aggregate erosion accomplished 
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r tlirough tlie formation of Bcnitcbes would amount to about one huodrcd 
I tnciiticths of nu iDcb, or to ucivr 6ve inches, and during a juiiruej' o/ 
I tliBso cutting fragments to tbe distance of tifteeu niiloa, to nbont 
leveutj'-tive inched. Allowing, as before estimated, thnt the plucked 
lout mttterial carried away in the form of boulders amounts to as much 
3 fifth of that removed in the other forma of erosion, tlte aggrt- 
P gate wear may be cstiroatod during the time wboti thirteen miles of ioe 
vas passiu^ tbe point aa somewhere about eeven or eight feet. 

There ia a mauifest source of error in the computution Injit given, 
I which ariseB from tlie fact that no account is taken of the form uf 
. erosion whioh occurs between tbe scratches, nbich results ju tbe produc- 
' tion of a smooth surface, or in scoriu),fi which are nu delicate as not tn 
inaku an iiapronsion on tbe eye. As at Jeiiet three fifths of the surface 
fa of this character, it appears to me thnt we must reckon the abrasion 
due to the rubbing of tbe rock by very fine particles of detritus to bo 
xbout twice as effective in removing m&terial as that which produces the 
scratches. Were this not the case, the discernible indentations would 
occupy a larger part of the field. We therefore see that to the com- 
bined scratching and polishing actions we may perhaps reckon a total 
lowering of the aurfatie during the passage of the ice over the distance 
I between Iron UUL and the town of Providence at about twenty feeL 
The Urge proportional share taken in erosion effected by the so oatled 
poliaJiing ttork doiie by tbe glacier has befn f;cueriilly overlooked. It 
appears tn me tliat on moat h:vrd rocks it has been tlie efficient means 
by whicli tliey were worn away during tbe passage of the glacier over 
their surfaces. A careful esftminatiou of any completely smoothed ma- 
terials, such as oiir harder granites or the denser clay slates, will make it 
evident to the eye that the most of the waste which was removed from 
the surface, at least during the last stages of tlie glacial erosion, wna 
taken away in the form of a very fine powder, the so called glacial flour, 
which we know by many observations is likely to be carried to an indef- 
inite distance tiy the streams which flow fi'oni the jjlacial area. In this 
way, we can account for the fact that this fine detritus has geuerajly 
disappeared from tbe districts about the ice front. 

There is yet another evident doubt which serves to diminish the value 
of the iihovo given rnde approximations to the rate of glacial wearing. 
This is due to the fact that we do not clearly know that tbe hard points 
which effected the incision of the scratches were firmly held in tbe ice 
as they were urged over the surface of the bed rock. It is well known 
that ft wire siisj>eniiing a weiglit and resting upon a block of ice, the 
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mass of which is at or near the freezing point, will, through the effect 
of pressiire in promoting melting, gradually work down through the 
block without leaving any crevice behind it. It therefore seems not 
improbable that where the bit of rock which made tfhe incision in the 
bed was small, the ice which held it moved more rapidly than the tool 
itself, and that the rate of movement of the cutting points was an un- 
known fraction of that at which the ice moved towards the margin of 
the glacial field. 

The time required for the passage of a length of the glacier equal to 
the distance from Iron Hill to Providence, is a matter of almost as 
much doubt as the amount of erosion which it accomplished. Our only 
possible source of information is found in the rate of movement of exist- 
ing ice streams. We are, it is true, tolerably well informed as to the 
speed attained at the extremities, and at various points on the surface, 
of valley glaciers of the Alpine type. Such observations as have been 
made on the larger ice streams in Greenland and Alaska show very 
clearly that the glaciers of these countries move far more swiftly than 
the better known streams of Switzerland and Norway. From the ob- 
servations which have been made on the arctic fields, it seems not un- 
reasonable to compute the motion of the New England ice at not less 
than twenty feet per diem, or say at the rate of about a mile a year, or 
from thirteen to fifteen years for the journey over the part of the train 
which we have endeavored to subject to computation. 

Although no kind of final value can be assigned to the results of the 
computations above given, it seems to me that they serve to indicate 
that the erosion accomplished by the ice while it lay upon the surface of 
this part of the continent was probably effected with great rapidity. 
The impression left upon the mind of the student who attentively con- 
siders and carefully reckons the more computable form of wearing which 
is brought about by scratching and polishing is to the effect that the 
surface must have worn downward at an annual rate which is certainly to 
be measured by inches, if not by feet. If after inspecting this evidence 
he will follow the course of the boulder train which we have been con- 
sidering, he will find that the quantity of the debris from the hill which 
it contains forces him to a similarly high reckoning as to the rate of 
the glacial wear. Even if from the data he obtains he should conclude 
that the estimate of the peridotite in the train which I have made is five 
or ten times too great, he will still be conipelled to believe that the 
down-wearing took place in an exceedingly rapid manner. Minimizing 
the estimates in every possible way, in a manner which need not here 
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lie act forth, I have not succeedod ia making the amount of the down- ' 
vearing leas than an inch per annum. 

Tlie more accurate our knowledge as to the genesis of the topography 
within the ice-worn region becoraea, the more clearly in it proved that the 
EBaential features of the aurrace are not due, oa was formerly supposed, 
to the erosion effected during the Glacial Period, but are to he aacribed 
to the ordinary agents of erosion which operated on this district during 
the pre-glacial ages. Nowhere ia this fact more evident than in the dis- 
trict about Iron Hill. The surface of that field etill discloses a drainage 
system which iu its main features ia clearly very ancient. The valleys 
have the normally digitated character which is characteristic of the work 
doue by fluid water, and though tlieae depreasioua are everywhere more or 
less ijioditied, and aometimes very greatly changed, by the erosive work 
of the ice, the type of the topography is trnly fluviatile, in this reganl 
differing from auch characteristically glaciated districts as Labrador, 
Scotland, or Scandinavia. Only the emaller triluitaries of the Btrenma, 
those occupied by the leaser permanent brooks, have lost their valleys 
by the process of glacial erosion. Although I have mode numerous 
effoi-ts to secure some basis for a quantitative estimate, however imper- 
fect, coucerniug the amount iu depth of the material which was removed 
ijom this district during the Glacial Period, I have uot aiicoeeded In 
obtaining any data deserving conaidenition here. I can only state the 
geuertil impression made by a review of the topography, which is to the 
effoct that the wearing brought about by moving ice cannot have 
amounted to as much as an average of one hundred feet over the region 
within n radius of thirty miles from Iron Hill. It is difficult indeed to 
reconcile the hypothesis of even this amount of erosion with the remark- 
ably well preserved details of the river work in this region. 

The Blightneas of the wearing which scpms to ijave occurred in North- 
ern lUiode Island is paralleled at many other points which are much 
fnrtlier within the boundaries of the great North American glacier. I 
hich I could cite for the 
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and other related metamorphosed I'ocks have not been planed away by 
the glacier, but remain with the peculiar aspect which is commonly sup- 
posed to be limited to the district south of the glaciated field. Again, in 
the region immediately north of Kingston in Canada, a place situated 
in what. is supposed to have been the very heart of the great glacier, 
the horizontal rocks of the Silurian Age retain their delicately incised 
valleys, which were formed before the Ice Period, in a state of preserva- 
tion almost as perfect as those formed in rocks of the same age and 
character in Central Kentucky, in a district a hundred miles south of 
the ice front. Here and there these valleys of the Kingston field are 
somewhat embarrassed by accumulations of glacial waste, and at other 
points the streams have made slightly deeper excavations in their old 
paths, but on the whole the topography is substantially that which 
existed before the advent of the glacier. 

It is evident that, if we assume the rate of glacial wearing to have 
been rapid, and yet at the same time the amount of effective work to 
have been small, we are at once compelled to believe that the duration 
of the cutting action was but brief. Along the margin of the ice the 
condition of the frontal accumulations of debris at a number of points on 
this continent leads us to the conclusion that the southernmost part of 
the field occupied by the ice was tenanted by the glacier for but a short 
time. Thus in the central parts of New Jersey the morainal accumula- 
tions are generally slight, while the margin of the field occupied by 
the ice in the northernmost point in Kentucky, though the indications 
which point to the presence of the sheet are immistakable, shows no 
frontal moraine whatever. If these peculiar instances of slight wear- 
ing were limited to the margin of the glacier, we could sufficiently 
account for the facts by supposing that a sudden forward movement of 
the glacier had occurred, during which the fringe of the ice sheet occu- 
pied for a very brief time an area which the climatal conditions did not 
permit it to remain in. Such temporary excursions of the ice, though 
on a smaller scale, have been frequently observed at the lower extremity 
of the Swiss glaciers. Owing to the existence of such slightly worn 
areas as we have noted in the interior portions of the American gla- 
ciated field, we cannot account for the facts in the manner just indicated. 
It appears necessary to suppose the existence of some conditions which 
would permit the glacier to rest over a surface, and at the same time 
prevent its abrasive action on the bed rocks. 

Having been for some years engaged in preparing a series of maps 
and reports on the surface geology of New England, I have been led to 
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Btiitiy a doEen or more parts of the fleld id which the evidence na to 
the smalt amount of glacial wearing ia particularly clear. These arena 
are widely Mattered, and from the additions whioh are coDstautly being 
made to the liat it is cyident thnt they are numerouB, While tliij 
essoy was in prepuration, my aMiatant, Mr. J. B. Woodworth, discov- 
ered a choracteriBtio field of this nature in the region of hill land, bu 
the western border of Rbode Island, where the decayed schistoBe rocba, 
the decomposition of which evidently occurred in pre-glacial times, have 
not been removed by the action of the ice. At first I was disposed to 
attribute the absence of erosion in these districts to some local arrest of 
thu ice movement, hut u careful inspection of the localities has generally 
disclosed the existence of areas of hard rock, which bore the normal 
narks of glacial wearing, showing clearly that the ice moved in tha 
ordinary manner over the area. I therefore felt compelled to frsms 
another hypothesis to account for the arrest of glacial wearing during 
the greater part of the time when tho ice sheet lay over the areas in 
question. While I am still in much doubt as to the value of these Bug- . 
gestions which I have to offer, I may say that they have withstood my 
own criticisms nnd those suggested by several of my fellow students of 
the phenomena for a period of ten years, and it therefore seema well to 
offer them for more extended debate. 



HlPOTnESlS COKCEItNiNG TBE CONDITIONS OF CONTINENTAL GlaCIERS. 

We have already had occasion in the preceding pages incidentally to 
note the effect of pressure iu lowering the freezing point of ice, hut it 
appears to me that we' liave by no means exliausted the coiisi derations 
as to the conditions of deep glaciers which are open to ua by the im- 
portant discoveries as to the effects of pressiiie on ice which i\ero made 
by tlie brothers Thomson about forty years ago. I propose, therefore, 
to review tlie matter, with the hope of discovering some explanation of 
the arrest in the wear of the bed rocks which seems to have occurred 
during the time when a thick ice sheet occupied tlie northern portion of 
this continent. Tliore can be no doubt that pressure melting Oj)eratPs 
in an effective though slight manner even in the superficial iiortiona of 
an ice mass. Tlie phenomena of reEelation exhibited when two hits of 
frozen water are pressed together, clearly shows tlio way, as has oftfn 
been observed, in which the conditions operate, and many other simple 
experiments serve to indicate an aetion of the same nature. There now 
appears to be little doubt in the minds of those who have inqtiired into 
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the facts of the ice movemeot in the Swiss glaciers, that pressure melt- 
ing plays a considerable part in determining the movement of those 
relatively small ice streams. So far as I am aware, however, no in- 
quirers have endeavored to ascertain the effect of pressure melting on 
wide-spread and deep sheets of ice. 

It is now tolerably clear that during the last glacial epoch a large 
part of the field occupied by the continental ghicier was buried to the 
depth of about a mile beneath the accumulations of frozen water. If it 
were necessary for our purpose, it could readily be shown that the thick- 
ness of the sheet was probably much greater than six thousand feet, but 
the pressure which a mass no more than a mile in depth would bring 
upon the surface of the earth would be sufficient to lower the freezing 
point to about 30° Fahrenheit. We cannot ascertain at what tempera- 
ture the accumulations of snow were built into the mass of the glacier. 
There is, however, reason to believe that the initial heat was not much 
below the freezing point of water. It would not, however, militate 
against the hypothesis to suppose that the mean annual temperature of 
the surface of the glacier, and consequently that of the accumulating ice 
sheet, was as low as 25° or even 20**. We have next to note, that, with 
the progressive deposition of snow, the layers formed each year would be 
brought nearer to the bed rock, which process would lead to a constant 
increment in the pressure which they sustained from the superincumbent 
material. Thus the melting point of the ice would be progressively 
lowered. 

Not only does the progressive descent of the ice towards the bed rock 
serve, through the influence of pressure, to bring the material ever nearer 
the melting point, but with each stage of the down-going the particles 
come nearer to that portion of the mass where several different causes 
act together to produce a positive increase in temperature. There is 
little doubt that the shearing movement of the ice due to the friction 
of its mass upon the surface of the earth progressively, and at last very 
rapidly, increases as we approach the base of the glacier. This inter- 
stitial motion is necessarily attended by the conversion of a great part 
of the energy of position of the mass into heat, which is communicated 
to the neighboring ice, and on account of the slight conductivity of the 
material escapes towards the surface in a very slow manner. Next 
the bed rock the actual friction of the ice upon the base over which it 
moves, and the abrasion of the rock, convert yet more of the force 
which leads to the motion of the p^lacier into heat. To these sources of 
temperature we must add the slight but not unimportant effect of the 

▼OL. XVI. — NO. 11. 8 
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oontribution of hca,t poured forth into the ice fn 

AJl these actioua tend to promote the liqiiefuctiou of the lower put 

of the glacial envelope. 

Although it is easy to perceive the existence of a uuniber of efficient 
causes tending to bring about melting in the lower portion of a conti- 
nental glacier, it ia difficult to form an adequate couception aa to the 
precise way in which these infliieucea would operate. The facts, how- 
ever, justify us iu supposing that the temperature induced in the loner 
portion of the iee would to a great estent be retained in the deeper 
parts of the glacier. It is a well known fitct that ice is a poor con- 
ductor of beat, and therefore we may fairly assume that a conaideralilo 
increment of warmth would be likely to be brought about iii the lower 
part of the section, while the upper portion remained substaotially unaf- 
fected by the condition of the lower parts of the mass. The hyjKithesis 
is, iu elTect, that at a certain stage in the development in thickness of an 
ice sheet the portion of the mass iieit the bottom, while still remaining 
below the temperature of 32° Fahrenheit, becomes converted into water, 
or into very much softened ice, which cannot escape vertically or hori- 
EDutalJy from the field in which the melting was developed, but remains 
as a fluid or semi-fluid sheet intervening between the solid ice and tlifl 
Burfoce of the earth. 

The condrtinne of a mass of water at the base of a glacier, owing its 
essential fluidity to the combined influence of pressure melting nuii 
positive contributions of heat, is so peculiar, that it is necessary for us 
somewhat carefully to examine into its state. At first sight it may secru 
likely that such a mass of fluid would inevitably be urged by the pres- 
sure of the superincumbent ice away from the field in which it was 
formed, moving in the direction of least resistance, wliich would gen- 
erally he towards the margin of the glacial fiehi. It is evident that the 
motion could not be in an upward direction, for in a deep glacier the 
yielding nature of the material must prevent the formation of fissures 
at any groat distance bclnw the surface, t'ven if such crevasses should 
be made, they would i^uiekly be closed by the pressure of molten water, 
which would instantly freeze when it entered their free spaces. It ia 
more difficult to account for the hindrance to the movement of tiie 
fluid toward the margin of Ihe glacier. We must, however, conceive 
that as soon as such a movement took pl.icc. and for the reason that it 
did take place, the pressure molten water, having attained to a position 
where less weight was imposed upon it, would quickly refreeze. It 
would be aided in making a certain excursion towards the margin of the 
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field by the fact that it was urged forward by the pressure of the over- 
lyiug ice, and this energy of movement would, to a certain extent, be 
converted into heat through the frictions which the liquid encountered 
on its journey. 

The migration of pressure molten water towards the margin of the 
ice would doubtless be somewhat restrained by the plastic condition 
which occurs in ice when pressure melting begins. In the familiar 
experiment which is made by subjecting a column of ice to com- 
pression, we observe that the melting does not occur simultaneously 
throughout the mass, but it begins along the planes of junction of its 
crystalline or fragmental elements, films of water developing along these 
planes, and gradually extending in width until the whole mass becomes 
softened to the point where it loses its rigidity without becoming 
generally fluid. It seems reasonable to conceive that the passage from 
a sub-glacial area, where the water was melted at a temperature below 
32^ Fahrenheit, to a thinner part of the glacier, where the solid ice 
rested on the ground, would be through a belt where the ice was in a 
semi-fluid condition, which would serve through the frictions which 
would there be engendered somewhat to restrain the flow. With these 
preliminary suggestions as to the probable state of the bottom of a 
deep glacier, we may now proceed to examine into certain corollaries 
which may fairly be drawn from the main propositions. 

As long as a glacier rests upon the bed rock in the form of ice, its 
foundation seems necessarily subjected to intense erosive action, but as 
soon as the ice next the bed rock is converted into pressure molten 
water, this wearing must cease, and the area would probably at once 
become more perfectly insured from any form of erosion than any other 
portion of the earth's surface. This exemption from change would 
continue until, by a process of thinning of the glacier, its base was 
permitted to return to the frozen state. It therefore seems possible 
that where a deep glacier is developed upon any area we are likely 
to have at first active erosion ; then a state in which wearing rather 
suddenly ceases, because the ice thickens and becomes warmed, and 
therefore melts in the manner before described ; and, last of all, with 
the passing away of the ice, the thinned sheet may come again to 
move over the bottom, and for a time to repeat the erosive work which 
was discontinued while the ice retained a great depth. 

In case pressure molten water were extensively developed at the 
base of a great glacier, such as occupied the northern part of this con- 
tinent, we should have to conceive the bottom of the ice, as regards its 
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relations to the bed rock, divided into three eonea. Kext the margin 
thero iToiild be a belt occupied bj completely frozen water, which \a,j 
upon the bottom ; within this belt, a section where the preaaurea were 
BufBcient to produce only a partial melting or soitening of the Icei 
and in the centniL part of the held, an area in which the ice rested on 
presstu-e molten water, or on ioe which was made by the conibint^d 
action of pressure and beat ao soft ttiat it coiild not exercise an}- erosiTe 
effect, I am not ineliiied to believe that this body of water, reduced 
from the state of ice to the fluid or semi-fluid condition, would ever )>e 
likely to become of say greitt depth. As soon as the measure of liquefac- 
tion was brought about which would prevent the ice from holding firmly 
to the bed rock, the beat due to the shearing motiou of the glacier and 
to the grinding up of uiineni! matter would no longer be produced. At 
' that stage I conceive that the motion in the inner parts of the field 
which conveyed the annual rainfall towards the margin would in part 
be afiected by the gradual working out of the pressure molten water, 
and in part by the equoeiing of the softened ice near the base towards 
the glacial front. Neither of these actions would serve to convert any 
considerable part of the energy of position of the mass into heat. 

It is commonly supposed that the immediate application of preSBure 
vill serve to melt a mass of ice, even if its temperature be a degree or 
two below the freezing point. Some experiments made under my direo- 
tion by Mr. R. W. Wood while a student in Harvard College have shown 
that this is not the case.* If to such a mass of ice even a great pressure 
is suddenly applied, only a small amount of water becomes melted ; this 
pressure molten fluid abstracts heat from the remainder of the ice in 
such a measure that, if the pressure be rapidly accumulated so that 
the ice has no chance to gain in temperature from without, we have a 
result which apparently contradicts the hypothesis which is here pre- 
sented. I see no reason to doubt that, if we could at once impose upon 
a surface a glacier having the thickness of a mile and a temperature of 
31* Fahrenheit, we should have but little indication ot pressure melting 
at the base of the ice ; but here, as elsewhere, the element of time and 
the continuity of slight actions have to he (akeu into account. Reck- 
oiiinj; with these, we perceive that the friction of such a hypothetical 
glacier on the bottom, the grinding of the deliris which it will produce, 
and the vast amount of shearing action wliich would take place in the 
particles of ice as they struggled over the surface, and by each other 
for a great distance above the bottom, togcthei' with the heat pwured 
• See Amcricaa Jounml ot Science, Ib^l, Vol XLI. p, 30, 
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forth from the earth's interior, would gradually bring a certain thick- 
ness of the section into a state of more or less perfect fluidity, — into 
a condition in which the mass would flow, though with much less ease 
than fluid water, with such facility that in a slow movement it would in 
DO wise affect the condition of its bed. 

The experiments which we are able to make on the surface, either by 
compressing a mass of ice to the point where a good deal of water 
appears between its units of structure, or by mingling snow with water, 
seem to indicate that we may have semi-fluid masses formed containing 
enough ice to move with a certain speed, and yet, as far as erosion is 
concerned, behaving like liquids. It appears to me likely that, while 
in some of the deeper valleys below a continental glacier we might 
have considerable masses of water in a state of perfect fluidity, the 
greater part of the material, the cohesion of which was effected by 
pressure and heat, would, although the water would be water and the 
ice ice, have as a mass the essential properties of a fluid. As this ma- 
terial, ranging in its rigidity between water and ice, moved toward the 
zones of diminished pressure, it seems to me that it would, through the 
reduction of pressure, gradually acquire the normal resistance of un- 
compressed ice. 

The reader has doubtless already perceived the objection which I 
find suggests itself as an insuperable obstacle to the acceptance of the 
hypothesis of the central part of the field of ice resting upon water 
made more or less completely molten by pressure. He will ask how it 
is possible that this fluid material is not at once driven forward in the 
direction of the ice front to the point where, on account of the dimin- 
ished pressure, it would become re frozen. To meet this point, we should 
attend to certain considerations already presented, though in a some- 
what preliminary way, concerning the conditions under which this 
pressure molten semi-fluid is compelled to advance. It should not be 
supposed that the central portions of the ice field rest upon a deep 
sheet of pressure molten water, which would be effectively urged 
towards the margin of the glacier by the weight of superincumbent 
material. We have to assume the depth of the ice in the neigh- 
boring portions of the glacier which rested upon the bed rock not to 
differ considerably from tliat which rested on the fluid material. A 
very slight difference in the depth of the section would be sufficient to 
bring about the change from the rigid to the mobile state. The con- 
ditions would probably be such as to maintain these two parts of the 
ice field in a delicate adjustment of their depths. As the central area 
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thickened, thereby increasing the amount of pressure molten water, » 

portion of the fluid would be Bqueej«d under the ice of the peripheral 

, thereby augmenting the thickness of its section, and at the sane 

] time thinning the ice in the eentruJ area. In this manner we can con- 

I fleive the creation of a balance in the impulaea and reaistnncea affecting 

I the movement of the ice which was softened by pressure melting, so 

that tho drift of the materia! tovard ibe margin of the coutinealal 

glacier would be slow and uniform. 

The conditions of our hypothesis require ua to suppose that the effects 
I of pressure melting would lirst be felt in the deeper parts of the glacier, 
those portions of its mass which lay in the valleys, and that the soften- 
ing of the ice might there he completely effected while the frozen water 
.ill in contact with the earth iit the liigher levels of the surface. 
I It thus might well happen that the considerable elevations of the coun- 
try, those hard parts which bad survived under the conditions of ordi- 
i nary laud eroaion, would be much more effectively worn down than the 
rock beneath tho river valleys. We can thus account for Ibe destruction 
of finch a prominence as Iron Hill, which was probably a sharp peak of 
considcrnhle altitude when the glacier began its work, while the neigh- 
boring valleys were hut little worn by the action of the glacier. 

So long as a glacier is receiving a considerable annual contribation of 
snow which is built into its mass at a low temperature, it may well Iw 
that the accumulations of heat due to the work done near the base of the 
ice would not affi'ct any considerable portion of the central section of tlie 
mass. If now f<ir a time the annual snowfall diminished to the point 
where, by the thinning of the glacier, pressure nii'ltiiij,' ceased to take 
place, the whole section of the ice might giadually acquire a relatively 
high temperature, so that any sudden increase in pressure might bring 
about very extensive melting. If in this condilion of the deposit the 
amount of siiowfall should, for a number of years, ho greatly increased, 
the result might he a great development of pressure molten water, which 
would he pushed forward towards tlie margin of the glacier to the poiut 
where, owing to the diminution in the thickness of the ice, it could W 
come refrozen. In this way we may perhaps account for those sudden 
and temporary advances iu the margin of the glacier which are so clearly 
indicated at varions points in this country. 

No direct verification of the hypothesis above deduced is to be ob- 
tained by observation or e:speriment. The only .'ipproach to proof which 
we can hojie to secure is by an inspection of the facts exhibited in tlie 
records of glnciol action with a view to ascertaining how far they may 
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be explained by the suggestions which we have been considering. Be- 
ginning this comparison with the Greenland glacier, the only field where 
we can find conditions approaching those which existed in the greater 
ice field of the American continent, we note the following facts. In 
the marginal portions of the Greenland ice field the slope of the surface 
towards the sea is tolerably steep, aud is rent by numerous crevasses. 
Gradually, as we pass from the frontal portions of the ice to the interior 
of the field, these crevasses disappear, and the slope of the glacier be- 
comes slight and unbroken. On the crest there is a wide field where 
the glacier has the character of a great plain with a slope so slight that 
we cannot well conceive the movement towards the margin as taking 
place over the surface of the underlying rocks in the manner in which it 
occurs near the borders of the sea. These conditions are reconcilable 
with the assumption that the central part of this great glacier rests upon 
ice which has been softened by pressure to the point where it no longer 
behaves with its normal rigidity, but acts substantially as a fluid, while 
in the peripheral section, that which is beset with crevasses, we have to 
suppose that the glacier rests upon the bed rock. 

Turning now to the conditions of the area on the mainland of this 
continent, so far as they were effected by the ice of the last Glacial 
Epoch, we may briefly review the features which are explicable by the 
hypothesis which we are considering. We note at the outset the fact, 
to which the reader's attention has already been directed, that the ero- 
sion accomplished by the ice in the interior of the glaciated field is often 
very small. We may now extend this statement by saying that the 
wearing which has occurred in the central portions of the area occupied 
by the ice bears no kind of proportion to the depth to which the sheet 
evidently attained, or to the length of time which it must have remained 
on the surface. If space permitted, it would be possible to bring up an 
extended array of instances, such as that cited from the region north of 
Kingston, Ontario, where in districts in which the glacier must have 
been very deep and long enduring the erosive work was less than in the 
marginal parts of the field. These facts do not seem to be explicable on 
the supposition that the glacier wore the surface over which it lay in a 
measure at all proportionate to its depth or the continuity of its action. 
If, however, we suppose that only the marginal zone of the ice prevail- 
ingly rested on the surface of the earth, and that a great part of the field 
lay upon a fluid or semi-fluid stratum of water, the difficulties which we 
encounter are cleared away. 

It seems impossible to explain the motion of a continental glacier on 
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e Buppoaition that the ice tbroughoiit the field resta upon the bed rock. 
Under these couditiooB it appears iieccsaarj fur its aurface to have a 
dope towards the margin of soiue degrees of declivity in order that the 
sheet Qia}' be iinpielled downward with sufficient energy to overcome tbe 
great resistance due to ita friction ou the bed rock. A elope sufficient to 
mpliah this purpose would require an inconceivable thickneBS of ic« 

' in the central part of the North American glacier. The hypothesiii uf 
pressure melting shows us A way out of this difficulty. We have only 
eivc the central parts of the area of the glacier to be freed from 

' tlie basal friction, to avoid the need of hypothecating a considerable 
■lope of the Hurfiuie except near the margin of the ice. In this view, 
the element of friction ou the bed rock is substantially reduced to a belt 
of limited width luto wbioh the ice is fed from the areas where preBaura 
melting occurs. 

The sudden advances and recessions in the position of the glacial 
front can be better accouuted for ou this hypothesis than in any other 
Way. A slight increase in the pressure in the central portionii of the 
field, such as might be brought about by an increased snowfall extending 
over a term of a few years, would probably lead to the discharge of 
water rendered more or less fluid by compreaaioti into tlie marginal 

., portions of the area. This would naturally be attended by a sudden 
outward march of the ice. In this way we may explain the prevailinj.'ly 
wide fringe of territory in the Misaissippi Vulley which lies to the south- 
ward of the southernmost distinct moraine, and which appears to have 
been temporarily occupied by the ice sheet. This district is covered 
by a layer of glacial waste, but at its outer margin we find none of 
those accumulations of detritus which indicate the permanent occupation 
of a line by a glacial front. 

It appears to nie that we may by (ho hypothesis of pressure melting 
explain the formation of those very thick deposits of till which occur in 
certain parts of the glaciated area, and this in the following manner. 
Until a glacial sheet has accumulated to such a depth as to bring 
about pressure melting, the combined erosion of the bed rock and the 
irregular movement of the ice near the surface over which it moves 
bring about tlie adiniiture of rocky material with the frozen water to 
the depth, it may be, of some hundred feet above the earth. If now 
pressure melting begins, the debris will gradually drop upon the surfaoe, 
and this action will continue until perhaps all the detritus previously 
intemniugled with the ice has become separated from it. If from time 
to time the glacier became so far thinned that its solid parts again 
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rested on the bed, the result might be the formation of those striated 
pavements which have been observed in till deposits. It appears to me 
not improbable that in the end wo may be able to account for the for- 
mation of drumlins, those most puzzling of all glacial deposits, by the 
action of pressure upon ice, the compressive action operating in the 
following manner. 

Let us suppose that a glacier such as covered the drumlin field of 
Southeastern New England had acquired in the process of its movement 
a great store of rock detritus, distributed through several hundred feet 
of the ice which lay next the earth. Let us further suppose that, 
through the thickening of the sheet combined with the development of 
heat near its base, this debris-laden part had been brought to the critical 
point where very slight increments of pressure would bring the impris- 
oned water to the fluid state, and lead to the precipitation of the mineral 
matter, the result would be the rapid formation of a till sheet. Wher- 
ever, through the existence of irregularities on the surface of the earth, 
projections existed of sufficient height to rise into the glacier a little 
above the level at which complete pressure melting occurred, the ice in 
its motion would be subjected to a certain amount of strain as it moved 
over the elevations. As, according to the supposition, the water of the 
glacier was very near the point of fluidity, wc may well conceive that a 
very trifling resistance, in amount insufficient to exercise any distinct 
erosive effect on the mass of till, might cause still further melting, and 
thus bring about an increase in the deposit of debris. In this way the 
growing drumlin would rise up into the ice to the point where detritus 
ceases to be supplied, or perhaps to the level where the resistance of the 
glacial material was sufficient to bring about erosion. Even if the mass 
did not at first have the shapely lenticular form proper to these eleva- 
tions, it would, during the subsequent thinning of the ice which probably 
everywhere preluded the disappearance of the envelope, be eroded to the 
arched shape which characterizes the deposits. 

As I propose in this essay only to indicate in a general way the pos- 
sible value of the hypothesis above set forth, I shall not undertake 
further to discuss the explanatory value of this view. Enough has been 
set forth to show that, if it proves tenable, it may serve to rationalize 
our views as to the mode of action of continental glaciers, by extending 
our conceptions as to the conditions under which they do their singu- 
larly important work. As the considerations which have been adduced 
are to a certain extent novel and somewhat difficult to grasp it seems to 
me well in closing to submit them to a brief review. Leaving out of 
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account the minor propOBitioDB, we may make the following condensed 

etatttmciit. 

■ ]n tlie growth of a glacial mass, the snow is built into it at a tem- 
pemtiire belovi the freezing point, nud each tinntial contribution is ever 
brought nearer to the surface of the earth, and teudi! to become molten 
by preaeure. Eft'eotive melting near the base of the ice is probably 

f seciireil by the conditions which make for the development of beat at 

I that k-vel. It is highly probable that, when the ice. has attained a depth 
lile or two, its lower part is either convertud into water or so fat 

["Bofteued that it ceases to be an eroding agent, and may be forced to 
in essentially the manner of a fluid towards tlie zone of less re- 
wstaiice. Arriving at a point where, owing to the thinning of the ice, 
the jiressure is sufficiently diminished, this water gradually refreezesand 
is rebuilt into the firm glacier, and as such purauoa the remainder of ita 
jounicy. We have thns to conceive a deep glacial envelope, such as that 
vhich now covers Greenland, to be divided into two realms ; a central, 
I ia which the ice does not come in contact with tlie aurface of the eortti, 
snd a peripheral, in which it exercises the familiar erosive action on the 
bed rock. 

During the development of a continental glacier, until the sheet had 
attained a thickness at which the pressure melting action would begin, 
" "the whole of the mnaa would rest upon the surface of the earth. As 
tlic inner jiiirts of the field atliiined the depth which would cause the 
ice next the grmnid to liecmno soflened or melted, the erosive work 
would itc limited to the periiihcral zone. With the further ineicoHO in 
the profundity of the glacier there would be a tendency, rapidiv to push 
outward the periphend parts of llie accumulation where the glacior 
rested on tlie l«d rock. When, in the I'losing stages of the [leriod, the 
ice sheet thinned, this zone of erosion would gradually he withdranu to- 
wards the centre of the field, or towards the point where the glacial 
conditions lingered Ifiniiost. In this way we can account for a long con- 
tinned soji.urn of the ice in the fields which wc know it occupied, wiih- 
out being re(|uired to siippose that tlie aggregate erosion was verv large. 
If the width of the peripheral zone were, say one liundred miles, and 
the distance from the centre to the farthest point to which the ice ex- 
tended one thousand miles, the time during which the eroding zone 
occupied any pnrt of ihe surface ni.iy have been but a small portion of 
the duration ,>r the Glacial Period. 

The bvpotlicfiis of |>rrKsnre miitinir enable us to account for various 
I>cc\iliaritics of glacial movement which cannot otherwise be readily 
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explaiued. It seems likely to solve the enigmas presented by the very 
sudden variations of a temporary nature in the position of the ice front. 
It appears to explain the way in which the ice journeyed for great dis- 
tances over surfaces of slight inclination in the direction of glacial flow, 
or which sloped towards the centre whence the glacial movement radi- 
ated, for it limits the friction to the probaVily narrow zone where the 
glacier rested upon the earth. Tho hypothesis will clearly account for 
the small amount of erosion which is often traceable in the regions which 
lay in the central parts of the glaciated district, and therefore beneath 
the deeper parts of the accumulation ; for in that part of the field 
pressure melting was probably first established, and must have continued 
for the longest time. It furthermore bids fair to explain the very puz- 
zling phenomena exhibited by drumlins or lenticular hills, by showing a 
way in which, through the thickening of the ice, the rocky matter which 
it had taken up from the bed rock might be rapidly deposited in the 
form in which we now find it. 

The only justification for presenting such highly speculative consid- 
erations as are ofiered in this writing is that they may serve to explain 
phenomena which, in the present state of our knowledge, cannot be 
otherwise rationalized. It seems to me, therefore, that this view may 
fairly be submitted to debate. I am by no means sure that it can 
withstand the criticism which it merits, but it seems to me worthy of 
inquir}' on tho part of those who are well trained in the interpretation 
of physical phenomena. 
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Acmite Trachyte from the Crazy MouiUains^ Montana. By J. E. Wolff 

AND R. S. Tarr. 

In the progress of the field investigation of the eruptive rocks of the 
Crazy Mountains, Montana, by one of the writers/ in 1889, the occur- 
rence of a group of eruptive rocks was noted, which were distinguished 
from the theralites and associated rocks by their gray or greenish gray 
color and somewhat greasy lustre, and of which about a dozen specimens 
from as many localities were collected for further study. 

Field Ocairrence. — They were only found in the northern half of the 
range, in general associated with theralite, and occurring like the latter, 
and so far as known all the other eruptives,^ solely as intnisive rocks. 
The field types can conveniently be classed under three heads : Ist. Dikes 
cutting the Cretacous (Laramie 1) shales and sandstones ; 2d. Small in- 
trusive sheets parallel to the bedding; 3d. Thick, bulging, laccolitic 
sheets, which may send apophyses into the adjacent shales. In the last 
form, sheets of the rock have been observed which are a hundred feet 
thick at the bulge and a mile long, and, conforming with the tilted 
position of the strata, produce long high ridges with sloping back and 
steep front. As with the theralite, dioritc, and other eruptives of the 
range, the rock is coarse, almost granitic in the thick sheets, fine-grained 
and porphyritic in the smaller sheets, dikes, and apophyses. 

Acmite-trachyte Type, — When occurring in the latter forms, the rook 
is of a fresh green to grayish green color, with a somewhat greasy lustre 
and a conchoidal fracture. Glassy feldspar crystals 5 or 6 mm. long 
give it a porphyritic character, and smaller augito phenocrysts are com- 

* No. IV. Metamorphism of Clastic FeldBpar in Conglomerate Schist, bj J. £. 
Wolff. 

1 J. E. Wolff. 

^ Ibid., "Geology of the Crazy Mountains," Bull. G. S. A., Vol. III. p. 446. 
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mon ; in some speoimena the rock is dotted with amall white crystals of 
sodalite. In one instance the rock holds large pfaeuocrysts of 9<nh- 
oolored felJspftr in tabular prisma with tonninal planes, aud is potoui 
owing to the prescnco of smnll Jrregitlsr cavitiea, nhotte rough walla ire 
lined with limouite. Plates of biotite are rarely seen. There is a. diii- 
tinut fluidol structure in the dikes and sheets which is visible in iJie 
hand specimens by the parallel arrangement of the phenocrj'sts and a 
Blight Bssility pamilel to the plane of flow. 

CAnmdfTi in Thin Seeiioiw. — Ffldipar. — In the thin sections of this 
type the feldspar phenocrysts appear in long rectangular sectious, or in 
broader and less reg^ular crystals. Carlsbad tnicis ore as frequent as 
■ingle crj-stala. A certain number of these feldspars polarize homoge- 
neously, and extinguish parallel to the length of the rectangular soo- 
tious, or nearly so, like sanidine ; but in many sections a very fine 
multiple tvinniug is present parallel to the brachypinscoid (albite law), 
and sometimes there is present with this a &iiit double twiauiag (mi- 
orocline structure), or segments are multiply twiuned in one directioa. 
which is not the same in adjoining segments of the feldspar. CletiTa^ 
■ections were prepared from ODe of these phenocrysts with the following 
resnlt : — 

Basal oleavftge (O P) extinction S}° to 3° oblique to the trace of the 
2,1 <■!»«»». („ 1-5). 

Second cleavage (« 1' oo ) extinction alwut 9° oUiijue to the trace of 
the basal de^ivrtge. 

Specific gravity of the piece 2.583. 

This specimen is therefore a triclinic feldspar intermediate betwccu 

( - ) <i fc 
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the presence of CI, Na, SOg, and a little Ca ; so that there is a mixture 
of the hanynite molecule. The specific gravity of an isolated piece was 
2.19, which is low for sodalite (2.28), and must be attributed to zeoliti- 
zation. W. Lindgren has described,^ under the name *' analcite-basalts," 
basic rocks from the High woods (a range lying north of the Crazy 
Mountains and a locus of similar magmas), composed of olivine, mag- 
netite, a little biotite, and a mineral determined as analcite, but no feld- 
spar or nepheline. The analcite appears in the slides in hexagonal or 
octagonal sections, clear and isotropic, and was determined to be such 
by speci6c gravity and chemical analysis. Lindgren considers this pri- 
mary. Judging from the descriptions, there is some resemblance to the 
mineral identified by us in the present rock, without quantitative anal- 
ysis, as sodalite ; but as the latter has the form and other properties of 
sodalite, and is identical with that mineral as occurring in the granular 
and porphyritic theralite, this seems the correct determination. 

Augite, — The porphyritic augite has planes developed in the pris- 
matic zone, sometimes terminal, and the common orthopinacoidal twin- 
ning. In sections the pale green of the centre of the crystals gradually 
increases in depth towards the edge, which is formed of deep green 
aegirine, as in the theralites, having the characteristic small obliquity of 
extinction in the prismatic zone and axis of elasticity, a, near the vertical 
axis. The augite is generally fresh, and includes crystals of magnetite 
and sodalite. 

The slides contain occasional plates of biotite and grains of magnetite. 

Groundmass of the Acmite-trac/ii/te Type, — This is composed essen- 
tially of slender lathe-shaped feldspars and acicular crystals of aegirine, 
which lie either between the feldspars or included in them, and by 
preference in the outer portion. These minerals appear in sections 
transverse to the flow with perfect fluidal arrangement ; but when cut 
parallel, many of the feldspar sections are broad and rounded, and contain 
the aegirine needles in a network without parallel arrangement. The 
feldspars are therefore somewhat tabular in the plane of flow. Single 
crystals, Carlsbad twinns, or multiply twinned crystals occur, with ex- 
tinctions parallel or but slightly oblique to their length, and are doubt- 
less also anorthoclase in part. With the green aegirine a few brown 
needles of acmito occur. Apatite and magnetite are found in the usual 
form. The combination of nearly parallel feldspar and aegirine needles 
gives the former a peculiar feathery look in polarized light with low 
powers. 

1 " Eruptive Rocks from Montana," Proc. Cal. Acad. Sci., Vol. III. p. 51. 
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There is a vari&blo amount of intorstitml matter between tbe &ld- 
Bpars of the groundmaas which IiIIb the triangular spaces left by their 

divergence, or appears aa irregular areas in sections parallel to the floi. 
This Eiibataat!« is oolorksa, bas a low index of retraction, is somctinicK 
fresh aiid glassy, sometimes clouded hy a fibrous suhatance, ahoniug 
rarely traces of a rectaugular cleavage, and coutaiuiu^ scattering segi- 
line needles. In some cases it polarizes eo etroogly as to be evideDlly 
a tabular feldspar sectioD (or a third generation of feldspar), but geu- 
' erally polarizes feebly, or is completely isotropic, and tbeu gelatiniK* 
with acid. The feebly polarizing part is probably nepheline, and tLo 
isotropic clear areas aualctme, derived by alteration from the nepheline. 
The fegirine noodles occurring as inclusions in the nepheline or aaalcime 
can hardly be regarded aa secondary, since they are identical in size 
and parallel or network arrangement with the atgiriae needles so abuu- 
dant in and between the feldspars, and evidently a primary coDstituent 
Brogger' describes undoubted coses of eecoudarj' rogiriiie in aualciiuc, 
and J. Fiancis Williams* icgirine needles in the analcime of the "grny 
granite " of Arkansas as secondary, similar in occurrence to those of tb« 
Montana rocks. The interstitial element varies greatly in quaatitj, uul 
may become so considerable as to give the rock a phonolitic character. 
All the specimens have the typical traohytio structure. ] 

(E/'fc/it') — Swiiifr Tijyie. — This Coarse variety occurs in the thick 
sheets. Tlie lock luis a. ;,Tiiy clor, passing into white as the donomjio- 
Bition of the fcldspstra increases, and has a tendency to porphyritic struc- 
ture. The feldspar phenocryats, unlike this mineral in the gninndujass. 
are in part frosh and glassy, — a fact which assists the o|>tical detenni- 
nation, — and have a fine strintion on the basal cleavage. The niinerals 
have an indistinct jtaralk'l arrani;ement. due to flow. The rock is nlmiit 
half as coarse as the " (rray granite " (clicolito syenite) of Fourclic 
Jloimtnin, Arlian*is, which it resembles. 

Cliiitiiclfr ill Thill .SVrd'uHS. — lu thin sections the Btriicturo is panidi- 
omorjilioiis, tlio anpihir spaces bptwcen the fcldspiira being occ.i[.ie.l 
by nepheline. The largo fuldspara are glassy clear, having the ii.'ciili:ir- 
ities of twinning previously described. The outer zones iire simietimes 
o]K»qiie, oning to dccomjKisition, and filled with a'girine needles. Tho 
extinction angles on basal cleiivagc sections (O P) (Specinjon Xo. H'-) 
were 2° X.« 4" to the trace of the secinid cleavage ; and on second cUmv- 
age sections („ P ^ ) from 7° to <i},° ohli.pio to the llrst cleavag-}. Tbe 

' Mi lien I Urn (!. Syi'iiitpoKii^'ilpo'EP- P- ■'■'**■ 
- Ipioiiii itm ki^ :i Arkiiiifiis, ]>!i. 1)8 ami TO. 
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specifio gravity in most determinations was 2,621, but went as high as 
2.623. A sufficient quantity of this feldspar was carefully selected, 
freed from visible impurities, and analyzed in the laboratory of the 
United States Geological Survey at Washington by Dr. W. F. Hille- 
brand, with the following result: — 

SiOa 62.81 
AI2O3 (containing a very little iron) 22.63 

CaO .63 

SpO .57 

BaO -77 

KjO 4.79 

NaaO 7.68 

H,() at 100° C. .16 

Ufi above lOO^ C. ..72 

100.26 

The optical characters show the tricllnic nature of this feldspar, and 
an apparent homogeneity, even with high powers, excludes its reference 
directly to a microscopic mixture of microcline and albite (microcline- 
microperthite of Brogger) ; it appears to belong in the anorthodase 
group of Ilosenbusch (soda-microcline of Brogger). The per cent of 
strontia and baryta is unusual, and only comparable to the baryta and 
strontia sanidin from the ncphelinite from Meichcs, analyzed by Knop.^ 

The smaller feldspars occur in long lathe forms, and are more decom- 
posed than the others ; in decomposing they become opaque and fibrous. 
The augite crystals are similar to those of the fine-grained rock, and 
have the same sgirine border. Independent acicular crystals of segirine, 
and sometimes of acmite, also occur. The angular spaces between these 
minerals are occupied generally by a feebly polarizing substance, which 
gelatinizes with acid, and is evidently nepheline. In decomposing, it 
breaks up into strongly polarizing fibrous zeolitic aggregates. Sodalite 
is rare in the coarse rock, except in the apophyses, or near the contacts 
of the sheets, where it occurs in small crystals between the feldspars. 
The coarse rock under these conditions assumes the acmite-trachyte 
character of the dikes and smaller sheets. 

The following analyses of these rocks are presented here, but the 
discussion of their relations to the other alkaline rocks of the Crazy 
Mountains is deferred to the monograph in preparation. Nos. 65, 131, • 
and 297, represent the Acmite-trachyte type, and No. 145 the Elrcolite- 

1 N. J. Min., 1865, p. 688. 
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^V laboratory of the Uuit.ed States Guological Survey at Waahiiigton. For 
^B oorapftriBoii, Analysea I. of Thenilite,' 11. Elseolito-sjeBite ' {" gmv 
^H granite," Fourcbe Mountain, Arkanaas), and III. Acmite-trachytp' 
^H (from the KUhlsbrunneo Sieboiigcbii^, Germany), ai-e introduced fi>r 
^K comparison : — 
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Covipnrifon witli olher Acmile-trarJiyles. — In ehi.mical ind iiiiiKril „i 
Ciil composition nnd haliitus, the finu-jrr;ii«ed rock's ire almost idtul c il 
with the classical iicmitc-tracliyto from the KiiliKlirmmcn iii tbo '>il 
beiif^cliirfro. Tlie microscopic characters of the GLrman rock are .:rniii 
in ISosenhiiscb, (Mik. Physioy., Vol, II. p. 610,) wberc it is stated that 
the nick, when weathered, is filled with peculiar round pi rts whuh d 
not exist in the fresh rock, but nro there rcpiLSiuted b\ nrens (f i 
brownish yellow isotropic, or partly cryptoeristnilLne Siilatiute wliicli 
is occasionally developcil in radially built sphciulitea of positin cliinc 
ter, a sinjjle ephcndite occupying the space of a snbse)uciit c nit\ lu 
Kliiies from a very fresh Specimen of tlic Oermm rotk collccti 1 1 \ oin 
(.if the writers, the yellowish brown color of those areas is very fuiiit nr 

' J. E, WoHT, PptroKrnphy of the Crazy Mountsina, 188o. 
■J Williami, /«. r/i., p. HI. 

■* G. Bisoliof, in Vmi IVilien's Geogn. Beschr, il. Sicbcnpel)irj;ps. Ver. d, Prouss. 
Hh un.l \V,si., TM IX p :!I0. 
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lacking ; they are in some oases isotropic, have often a polygonal shape, 
and the acmite needles, which are abundant in the rock, arrange them- 
selves parallel to their sides when in proximity; they also gelatinize 
strongly with acid, and thus resemble the small irregular sodalite crys- 
tals of the Montana rocks. The feldspar phenocrysts of the Siebenge- 
birge rock have the triclinic twinning described above, and thus the two 
rocks are nearly identical, at least for the American variety with little 
nepheline. 

The Syenitic type resembles in appearance and structure the eleeolite- 
syenite ("gray granite") from Arkansas, described by J. F. Williams , 
in chemical and mineralogical character. It is closely allied to the Mon- 
tana rock, excepting that it has more nepheline, and that the feldspar 
was referred by Williams to the miorocline-microperthite of Br6gger (a 
microscopic interlamination of microcline and albite), while the rea- 
sons are given above for considering the feldspar of the Montana rock 
a microscopically homogeneous triclinic soda-potash feldspar. Lind- 
gren (Jtoc. cit.) has described as " augite-trachytes " rocks from the High- 
wood Mountains closely resembling these. 

The previous descriptions illustrate the dependence of rock structure 
on physical conditions of cooling, which is so striking a feature of the 
eruptive rocks of this range, the syenitic or trachytic character of the 
rock depending on the variation in the thickness of the rock mass. 

Cambridob, Mass., January, 1898. 
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V. 

Report upon Rocks collected from the Galapagos Islands. By George P. 

Merrill. 

So far as the present writer is aware, the volcanio rocks of the 
Galapagos Islands have been the subject of but little investigation. 
Darwin in his '* Voyage of the Beagle " (pp. 372 et seq.) describes the 
islands as volcanic, and the character of the material as black basaltic 
lava with scoria and tufifs. Naturally, his studies did not at that time 
include an examination of thin sections under the microscope. A more 
detailed description of the rocks of these islands is given by Dr. F. A. 
Gooch, in Tschermak's *' Mineralogische Mittheilungen" for 1876 (pp. 133 
et seq,). According to the latter, the volcanic materitds examined by 
him are all of a basaltic character, and in part closely correspond to 
those at present under consideration. Dr. Gooch 's specimens were how- 
ever from the islands of Bindloe, Abington, Hood, and Charles, none 
of which localities are represented in the series received from the Fish 
Commission. 

A reference to this paper is however of importance. How well the 
speicmens now examined represent the sources from which they were 
taken, the present writer has no means of deciding. It is assumed that 
they are fairly typical. 

vol. XVI. — NO. 13. 
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Of the numbers givca below, the firet is that of the specimens as 
I now entered upon the Mueeiim Catalogue, and the necnud, enclooed in 
[ parentheses, is tbnt by which the specimen is known in the records ot 
[ the Fiah Commission. 

6752C (8110). Baaalt. Wreck Bay, Chatham Island : near haci- 
enda of Mr. Cobos. This is an ordinary basalt, consiating of a dark 
gray vesicular mass, which in thiu sections is seen to be niade up of faint 
wine-colored augil.es in very irregular forms, lath-shaped plagiocksee, 
amaU opaque particles of iron ore, and numerous large, clear, faintly 
greeuish blebs of olivine. No. 67527 (8111), from the oame locality, 
nffera no difference worthy of note. 

67528 (8113). Basalt. Landing on northwest face of Malpelo Islaoi 
Tbia rock much resembles the lost in mineral composition aud structure, 
with the exception that extensive alteration has badly obscured the 
groundmoss, aud given rise to abuudaut chlorite, epidote, calcite, aud 
sundry ferruginous decomposition products. The presence or absence 
of a glassy base cannot with certainty be determined. In the hand 
specimen this is a finer grained, more dense rock than 67526 or 67537, 
and abows small amygdaloidal cavities filled with a white zeolite. The 
genera! aspect is that of an older rock than tlie ntliers (perlifipa a miOs- 
phyr) thougli obviously it will not do to speak too positively froiu au 
examination of tbc section alone. 

C7531 (811C). Andosite (1). Near Chatham Bay, on Cocos Island. 
In the hand specimen this is a light brownish gray, fine -grained, in 
some cases vesicular rock, studded with small (1-2 mm.) white speck? 
indicative of feldspar, but in which none of the constituents arc of siieli 
size as to he accurately dL'torminod by the eye alone, or even whi'n 
aided by the pocket lens. The thin section under the microscope 
shotts a dense afrgrogate of stout feldspars which are in part sanidiii* 
and in part a suda-limc variety, obscurely striated, and occurring in 
stout lath-aha|)ed forms. The structure is indistinctly granular, and 
occasionally slightly porphyritic tlirougli the development of the larj:cr 
feldspar above noted. So far as observed there is no interstitial glass. 
Abundant red ferruginous and opaque humblcndes, granules of iron uro, 
minute colorless apatites, and ferruginous decomposition products coai- 
plete the list of delcrminable constituents. 
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A rough analysis yielded results as below. This indicates that the 
rock is more nearly related to the andesites than trachytes, though 
abnormally rich in potash. The rock was found to contain a notable 
amount of free sodium chloride, derived presumably from ocean spray, 
which may in part account for the high percentage of soda. 





P«r Ovnt. 


SiO, 


56.50 


Al^O,. Fe,0, 


28.20 


CaO 


2.83 


MgO 


.98 


K,0 


4.25 


Na,0 by diflference 


6.68 



99.44 
Washington, D. C, October, 1892. 
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VL 
A Basic Dike in the Connecticut Triassic, ^ By L. S. Griswold. 

0(X)URRENCB. 

Loose boulders of the rock to be described in this paper have been 
known for some time to Mr. S. Ward Loper, but the rock was Urst found 
in place by Mr. J. C. Graham of Wesleyan University while at work for 
the United States Geological Survey. It occurs as a dike, exposed on 
the outlet of Beseck Lake, about a quarter of a mile west of the Air 
Line Eailroad at Baileyville. The dike intersects the shale just under- 
lying the ** posterior " or uppermost trap flow of the Triassic series of 
Connecticut. A small fault of about six inches was noted in the dike. 

Physical Cuaracters. 

The rock is dark colored, almost black, and dense. The specific 
gravity (average of three determinations) is 3.036. It attracts attention 
by the great number and large size of the black phenocrysts contained, 
also to some extent by the small spots of a white mineral. The rock is 
yery fresh immediately below the weathered surface. 

Examined with a magnifying glass the phenocrysts are found to l>e 
of augite, hornblende, and an occasional large biotite. The maximum 
diameter of the phenocrysts is perhaps | inch (19 mm.). The spots 
of white mineral give a brisk effervescence with cold hydrochloric acid, 
so they represent secondary fillings of cavities by calcite. The calcite 
frequently occurs in the phenocrysts as a decomposition product. 

Microscopical Examination. 

With the microscope two divisions of the components of the rock can 
be made ; the phenocrysts, comprising perhaps a third of the total mass, 

A Published witli the permiBBion of the Director of the United States Geological 
Survey. 
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and ft fitio groundninaa. Among tho phenoaifsts aiigite greatly etOMdi 
bonibloDile, biotite is rare. The huniblunde crystida are brown ami 
Btrougly plocliroic ; they have lost their crystal angles aud ahoif roundeii 
resorption outlines. The aome is tbo case ivith the few pieces of biotil* 
aeen. With the aiigite, however, it is different ; thia mineral appean 
commonly with complete or partial crystal outlines, though some (Jiow 
tbe rounded resorption form. It is evident that most of the ari^U 
cryatala were formerly rounded and have gained the angiilor form by 
a later growth in the magma, for irregularly rounded cores can be dis- 
tinguished surrounded by portions having different eitinctioa anglea. 
The structure thus given closely reaembles zonal structure ; zuaal 
structure does sometimes occur in these secondary burdors. The ol(l«r 
portions of the crystals are pale green in color, the borders are pi»ki«hj 
iu one case the pink border is pleochroic, pink to greenish yellow. 

The phenocrysts of homblenda and augite may each contain rounded 
inclusions of the other mineral, tnulusioua of tbe augite in the bomblcDds 
being much more common. Thus there seem to have been five sta^ 
in the crystallization of this magma: first, a time when horublende ttoJ 
augite formed in good-aizcd crystals ; second, these crystals were resorlaid 
until they became rounded grains ; third, another separation of Im^ 
crystals of augite and hornblende, which often enclosed indiscriminately 
and without orystallc^^phio relation the grains above mentioned ; finirtb, 
this secimil generation of augite and honiblcnde uiidorweut resorption 
sufficient to destroy the crystal outlines; liftb, a tiuiil Bopanition uf 
augite. renewing the crvBtalline form of the augite phenocrysts. aud 
probably taking place at tlie same time as the crystallization of tlie 
groundmass. Tlie iucluaiou of bnrnblcude crystiUs in augite, as well a* 
the couvorsi', has been noted liofore,' but tlie peculiar association aboiv 
noted is perhiLpa new. The accompanying plate shows the esseuliul 
points above meutionod. Both varieties of phcnocryst also coiit:iiii 
incliisious of cali'ite ; tlie frequent oticurronce of iron oxide with tins 
calcite [u:iy iniiictite that the calcite fills cavities left by tlie solution i.f 
the iron oside. 

The groundmass is com|Mged chiefly of minute augite crystals of li 
pale pink or green color, closely compacted together. Magnetite in liue 
crystals is abundant, perhnps composing a third of tlio bulk of ilie 
groundmass. Small crystals i>f brown borublendu iu-e common, but 
ComlMise no rnnsideniUle iierei'nt;i;re of tlio mass. 
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Occasional small structureless areas are seen which with crossed nicols 
polarize feebly or are isotropic ; one instance was noted where. there was 
the faint appearance of a few minute lath-like forms in radial arrange- 
ment, as though plagioclase crystals had separated from a glassy magma. 
This mineral gives no gelatinization with hydrochloric acid. On sepa- 
rating the rock powder by gravity solutions, grains of this mineral settled 
between 2.80 and 2.60, and more came down between 2.60 and 2.51. 
Microchemical tests with hydrofluosilicic acid on these grains gave pretty 
abundant cubes of potassium and some prisms of sodium, the thorn-like 
forms of calcium were also noted. This substance would thus appear 
to be of a feldspathic nature and not nepheliue since it did not 
gelatinize. This determination would be of importance were the quantity 
of the mineral large, but it perhaps does not compose more than one 
per cent of the rock mass. 

Classification. 

Since the study of this rock has begun, a complete chemical analysis 
has been found necessary to determine its position de6nitely ; until this 
has been made, only the possibilities can be given. The rock has much 
in common with the group of Fourchites of Dr. J. Francis Williams.^ 
If it is regarded as belonging to this group, and is named according to 
the predominating minerals, it would be called an augite amphibole 
fourchite. The occurrence of a feldspathic constituent rich in potassium 
in the rock would tend to exclude it from this group, however, since 
these rocks properly contain a lime-soda feldspar, nepheline or leucite ; 
for this reason it may seem better, since the amount of this constituent 
is very small, to associate this rock with those of the pyroxene group 
(pyroxenitc) although these have beeu regarded as containing no feld- 
spathic constituent. In this latter case this would be the first dike rock 
of the group. 

This dike is interesting as being the first of the group of basic dikes 
found in the Eastern United States which has a geological age detenu in- 
ably later than the Carboniferous ; the rocks which it intersects being 
above the middle of the Connecticut Triassic. Of course the idea that it 
is of later age than the Triassic is not excluded, though the fact that it 
is broken by a small fault might be brought forward as an argument 
for the intrusion of the rock before the time of deformation, which is 
conceived to have followed closely the Triassic deposition. The wide 
difference in chamcter between this rock and the Triassic effusives may 

1 Arkansas Geol Survey, Ann. Kep., 1890, Vol. 11. p. 107. 



indicate aometliing with regard to reliitive ages. The effusives i 
graiued olivioe diabasoB, in which the augite cryatula are much decom- 
posed. The freshDesa of the dike rock would indicate that it ia luucti 
younger. 

Moet of the basic dikes of the Eastern United States previously de- 
scribed, aod having a near relatiou to the above, have been Campion- 
ite ; ill Northern New Jeraey, however, some dikes have been noted hj 
Prof. J. F. Kemp," which he decides are practically identical with tix 
Ouachitite of Arkansas, and with the Ouachitite the relation of the Con- 
necticut dike is close. If this Triassic dike rock is finally placed in the 
Fourohite group, it will be the second occurrence outside Arkansas of 
the rocks of the group. 



PApril, 1 



■ Arlcanaoa Geo). Survey, Ann. Rep., 1890, Vol. 11. p. 40a Also Am. Jour. SO, 
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LETTER OP TRANSMITTAL. 



Washington, D. C, May 1, 1894. 
Dear Sir : — I beg to submit the following report upon my recent 
studies in Cubn, undertaken at your expense and under your direction. 
T left Washington, D. C, Sunday, February 11, arriving at Havana 

on the following Wednesday. A day was spent in Havana to ascer- 
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tain the most feasible metliods of workiug. I tlien made a r 
Bnnoe otujt to Villii Clar^ from whicli point a recoDuoissance was made 
north and south across tho island. Thia trip was made primarily to 
obtaiu some knowledge of tho interior of Cuba. 1 was accoiupauied by 
soiuu American engineers who were familiar with the island, and who 
were of great aaaistancc to me in my subsequent operations. Returning 
from Villa Clara to Havana, I stopped at several poiats, tocluding 
Mutaazaa and neighboring places. There were nianj opportunities to 
stndy the basal contaets and Htructure of the limestones in relation 
to the older nnoleal area of Cuba upon which they were deposited. At 
Matanzas I made a thorough study of the cut of tho Yunmti River 
of Matanzas, and of the limestone formations composing the Pan do 
Matunzaa and the coimtrj" to the interior, as set forth in the following 
pages. Hctumiog to Havana from Matanzaa, I B)ient a few days studying 
the geology of the site ot that city and its environs, and in making a 
north and south section across the island from Havana to Balabanos. 

On February 28, a coasting steamer was taken from Hnvann fw 
Baracoo, which stopped for four or five hours at various points on Ihp 
way, I arrived at Uaracoa on the 4tli of March. With Baracoa as a 
biwu, I made a study of the country west of Yunqiie mountain and cast 
to (Jape Mayai, taking a trip up the Yuuiuri River of tho eaaU 

I sailed from Baracon on the 13th of Mareh, arriving at Philadelphia 
on tlio 18th. 

I wi.ih to aekiionIed;:e my nliligntions to Mr. E. Sherman Gould, of 
New York, Consulting Eufriiieecr of tlio Havana \Vnter Works ; licv. 
Lorenzo J. ArruUa, of Ileal Colegio do ISulcn, H.u-rma ; Scuor S, Fortiui, 
Chief Kngineer of the Suited Kailwiiya of Havana ; Hon. A. B. Diekov, 
Consular Agent of Haracoa, and many otlicin tlirou<>hoiit t!ie isl.ind, for 
valuable data furnished ; also to Prof W. H. Dall of Washington, fT 
his valuable assistiiuce in [i.ileontologic determinations of the ago of the 
rocks di!icussed herein. 

Looking Iwitk nt my expedition, I now see many points whicli I woiiM 
like to csaniine ajriiin, but I Impu tliiit, upon the uhole, yon will not be 
diss;itis(icd with tho rosuils. 

Very truly j'ours, 

ItouEur T. Hill,. 

To .\l.i;x, Ai;a-,>i^, K.-i.. CamljriJ!;.', Mass, 
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ENTRODUCTION. 

• 

Paleontology, stratigraphy, and physical geography are the three 
oo-dependent criteria by whicli geologic history is interpreted. A proper 
study of the paleontology of Cuba requires years of residence and patient 
labor by an expert in Ceuozoic and Mesozoic fossil forms. The struc- 
tural geology, involving vast petrographic research and tedious travel, 
likewise demands long study ; the thick residual soils, the dense vege- 
tation, and the absence of highways and general lack of exposures every- 
where, retard the worker in these branches of geology. While geologic 
research in these fields has already given us criteria without which the 
present paper would have been impossible, the topographic forms reveal 
a story equally interesting and more intelligible, and in the following 
pages I have endeavored to interpret them, with such assistance as 
could be derived from the co-ordinate branches of paleontology and 
structure. 

Literature contains many descriptions of the general geography and 
geology of the island, — especially the works * of Humboldt, Salterain, 
Suess, Crosby, Ramon de la Sagra, Don Manuel Fernandez de Castro, 
and the various publications of Mr. A. Agassiz. Don Manuel Fernandez 
de Castro's brief pamphlet, accompanied by a geologic map, is an excel- 
lent r^sum^ of the stratigraphy and paleontology of Cuba, and should 
be consulted by any one contemplating the perusal of the present paper. 
Mr. Agassiz's investigations have made known to science the wonder- 
ful topography of the surrounding ocean floor. M. Elis^e R^clus has 
recently compiled the general physical and political geography of the 
island as ascertained by previous investigators, and its relation to the 
surrounding seas and the West Indian archipelago. Professor Suess 
has compiled a chapter on the Antilles, setting forth the present state 
of knowledge concerning the geology of the island of Cuba. Those, 
together with Salterain's description of the geology of Havana, have 
explained in a preliminary way the geography and geology in a manner 
to prepare for an intelligible discussion of the topographic evolution of 
the island, by which its history may in part be finally interpreted. 

1 The titles of these publications are priven in notes accompanying the references 
to ttiein. 
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I proferred to ciamine the phoiioniona entiroly d« novo, so ae to ti« 
infiueQcod by no precoticoivod hypotlitMWs, and lieuce mado no atuilv 
of thuBB writew until my report was forinulatt-d. After outliniug thU 
[ {>ai>or I exumlnud thin literature, and I hope tliat tLe prcaeat discussion 
Bof tho topittniphio and dinstrnphio pliouomena will further ndvance th« 
L work BO well t>cgiiii by others. I am also glad to afGriu, with a tern 
r minor eicoptioua, tho views of the structure set forth by tlicsc earlier 
L vriters, and I would oamestly request tboso who rimd this papvr to 
! AoQsult them. 



I. ELEMENTARY GEOLOGIC STRUCTURE. ^i* 

Tkt Pre-Tertiary, Mftamorphic., and Ignfou* Foandadon. — This i* n 
Soor of ancient (uorlJiinly Pre-Terliary) rocks, eonsiBting of serpentine 
«nd igneous material, mostly basic in aspect. Thiiac are eiposcd by 
erosion at various points throughout the island, but, eif^ept in the 
Santiago re^^ioii, they seldom, if ever, funn the rocka of the immediatr 
Doast, although oftiiii fonud quite near it. Tliey now underlie mnct 
of tho island at no great depth, and are eipoewi in many drainage 
outa tieueatb the limestonea. Wherever I have seen these rooka — at 
"Villa Clara, Havana, and near Baracoa — they had once been covered 
by tho 'I'LTtiiiry limestiines, but 1 ciuinot spea.k with tortaiiitj- cnnccni- 
in;; llio pnivitire of SanCi:iH;o dc Cuba, where, accnriiiii;; to Kimii:ill, 
traces of Ijiiiesti.ne as high as 2,;iOn feet arc preserved on tho south side. 
On tliu north side, opposite Santia;;.., tliey arc certainly ovi-rhipped f.ir 
iiileriorward liy the limestones. Some of tlic ifriieous and iiictamorplii(; 
ri.cks of the .'^iintiajro region may bo of later origin and inirusive 
tiirou^di tlu! limeston.'. hut gencriilly tbrouirliout the island tbey have 
been cnnipletely eiiven^d by the hitler. No I'ost-Tertiary eruptive 
shecis u-,To M.'cn by me ei^eept one small dike wliicli intrudes into tlie 
greatly fi)lilc.l liiuestone near the nater-uorks back of Havana. (See 
Plate I. l-'i;:. :i.) 

These ..Idor ro.'lifi consist of diorites. serpontines, st'liists, and rarely 
granites, as rc]">rtetl from Santiago ; of serpentines, greenstone, [lorphyrv. 
and basic igneous r..eks brought down by the rivers of the nortb side ^.f 
the cast end of the island ; of senicniine and mvtam.>r|>hie meks wiili link- 
.[uavt/. as seen niidcrncatli the Iiincsl..ne iu the vi.inity of Villa fhim : 
and of serpeiilinr. tulfs. and ol.l vleanii' material, as back of Havana. 

The rare presence of cruptlves and of sedimentarics older than Cre- 
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taceouSy reported by De Castro and occasionally seen by me in this old 
complex, testifies that in Pre-Tertiary time the old metamorphic floor 
protruded above the level of the sea as a land area, during a period of 
active vulcanism. From their composition and occurrence there can 
be little doubt that they once formed an ancient land area of unknown 
size and relations, but certainly almost as large as the present island, 
which was partly or completely submerged during early Tertiary time. 

The Pre-Tertiary Sedimentaries. — Resting upon this metamorphic and 
igneous foundation at various places there is a formation of stratified, 
uon-fossiliferous, sedimentary clays. These are older than the Tertiary 
limestone, and apparently immediately preceded them in origin. They 
are not of great thickness, and are void of determinable fossils wherever 
I have observed them. In the Havana section, in the southern suburbs 
of the city, only a few feet are exposed beneath the old limestone in 
contact with the underlying tufls. They are here green in color, and 
somewhat unctuous. 

In travelling overland toward Villa Clara, I found that the limestones 
extend beyond Colon, but between that place and San Pedro they are 
eroded through down to the underlying clay formation, which extends 
from there continuously east to Villa Clara, being best exposed at 
Esperauza. Here the railway has cut across alow anticline of clays 
which show well defined stratification planes and alternate strata of 
softer and harder beds. In general they consist of (1) an upper division 
of light colored, laminated, thinly banded clay, with persistent bedding, 
of which twenty feet are here exposed, and (2) a lower series of coarser 
beds, the harder persistent strata being loosely cemented and having a 
mealy consistency, with siliceous pebbles, while the alternate beds are 
laminated. About one hundred feet of these are exposed. These clays 
are folded and slightly faulted in places. 

I could find in these beds no fossil remains except one poorly preserved 
plant impression, a monocotyledon, which, with the general character of 
the material, gave the impression that these clays were deposited when 
the conditions of sedimentation around Cuba or in Cuba were far differ- 
ent from those of the present, and, to a certain extent, they indicate a 
previous land. I cannot say positively that the Esperanza clays are 
identical with the clays of Havana, but both occupy the same relative 
position between the Tertiary limestones and the metamorphic for- 
mation, and both are exposed by the erosion of the limestone from 
above them. 

De Castro refers these clays of Esperanza to the Cretaceous period, 
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upon what ground, except stratigraphic position. I cannot say, H« 

ropoits other Mesozoic BediinentEiriGs at both euds of tlie island, together 
with Ammonites and KadiuIiteB, which would cloarly indicate the occur- 
rence of Cret&cttouB di^poaita in Cuba.' 

The Esperanm clays with plants disclose a Pre-Tertiary land aeoom* 
ponied by erosidu, but its area and extent I counot interpret. There 
are inUicatiuna that those clays have been inetamorphoBed into scbistB 
in places, as may be seeu uiue miles north of Villa Clara, where the 
anticlinal rocks overlying a vast intrusive bed of aephaltum ahow many 
evidences of trauaitiou. Thitt idea, however, is at present merely a 
suggestion. 

Fortnatioai of l/m Tertiary SiJ^mdeact. — In strong contrast with the 
Eaperuu^a oluyn and the older uieUiuiorphic floor are the Tertiary and 
later limeatunes which cover them, and which are the prtidominunt ^'co- 
logic feutiire of Cuba. These certainly once extended over all the island, 
with the possible exception of a small portion of the high mouutttiuoua 
region before mentioned, in the vicinity of Santingo de Cuba. They 
Btill occupy by far the greater portion of the whole area. The study 
Bud classifioatiou of the limestone complex is difficult, owing to the 
folding, induration, and erosion, the thick covering in places of residual 
soil and vegetation, the universal alteration they have undergone through 
solution and internal chanjies, and the genera! concealment by tufaceoiia 
incrustrition (if well ilcfiued strati liciitinn pliuics and piittiugs. The liine- 
Btoiios are clearly divisible into the two general categories of the newer 
nud the older, or banal. Tlie furmor consist mostly of unfolded rocks of 
undoubted coral reef origin, and occur on the lower levels adjacent to 
the co.aBt, while the latter, if of coral reef origin, have lost nil cliaricter- 
istic features of rocks of such origin, are undulated and folded, and 
constitute the uplands and high coastal scarps against and around which 
the later coral rock grew. 

The more anricut limestones nearly everywhere cnnstitote the upland 
of the island, and by alteratimi and underground decay have lost tlicir 
coralline structure, if they ever possessed it. These, so far as my 
obsor\'ationa extended, cinstitute all the limestones of the island above 
an altiludc of one buiiElred fi'ct. These oMer limestones are diverse iu 
texture aud compusition. WJiere gi>r.d exposures are ohtniuabte, tlk'V 
usually cxhiliit well dcfiru-1 straliliralion an.l scp.iraliou planes, never 
seen iu the undoubted reef roek, and sometimes allernale with uior,> 
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a I>Ifl de Cuba, etc., per Don Slaoucl Fen 
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marly or very slightly siliceo-argillaceous beds. The limestone beds" 
have been well described lithologically by Sagra, as follows : — 

" It is white in color, or light yellow, with a fracture sometiines smooth, 
sometimes conchoidal, containing some concretions, — very often casts with 
petrifactions. The fossil substances enclosed in the limestones are very abun- 
dant. . . . The porous beds of the middle part of this locality, as near Batabano, 
resemble those spongy and calcareous banks of the Jurassic of Francone, near 
Dondorf, Pegnitz, and Tumbach. These yellow cavernous beds, which show 
cavities from four to five inches in diameter, alternate with others entirely com- 
pact and less charged with petrifactions. The line of hills which border the 
valley of Los Guiues toward the north, and which unite the hills of Camoa 
and the Tetas de Managua are of this last variety, the color of which is a rosy 
white, sometimes almost lithographic, like the Jurassic limestone of Pappenheim. 
The compact and cavernous beds contain small ferruginous masses, and are the 
same formation that Humboldt designated the Calcarie de los Guines, which is 
exposed on the southeast near Trinidad, on the hills of San Juan, already 
referred to, and on the north coast, near Matanzas. In these different localities 
it exhibits grand subterranean cavities, where rain water accumulates, and in 
which many considerable streams submerge." ^ 

I might add to this description the remark that these rocks bear a 
striking lithologic and structural resemblance to the Neocomian and 
Middle Cretaceous rocks of Texas. 

Although distinctly stratified, the limestone is irregular in texture. 
While it is, in general, of a cellular structure, a cubic foot of it in any 
locality exhibits great irregularities in hardness and compactness. There 
are spots so hard and crystalline that it is difficult to break them with 
a hammer ; other spots are firmly crystalline and banded ; still others 
are rounded indurations; and again there are soft, pulverulent spots. 
All of this irregularity of texture is secondary, or in a condition of 
alteration produced by aqueous solution. In some places the cellular 
cavities are many feet deep, while the remaining portions are indurated 
into sharp edges of coarse, sometimes crystalline limestone. So com- 
pletely has the work of solution and interstitial change gone on that it 
is doubtful whether the original nature of the rock is anywhere well 
preserved. 

This weathering and induration is very similar to that which I have 
often noticed in the chalky Lower Cretaceous limestones of Texas. On 
the resisting summit points the rock is hardened and worn into the 
peculiar Liliputian ridges known in the Alps as " Karrenfclder," while 

* Histoire Physique de Cuba, Tom. I. p. 109. 
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the steeper bluffs are thickly coated with" tepetate," or tiifiiceoua dcposiii. 
Great cuvcma abouud in these rocks iu maoy parts of the islaud. 

These limestonos hiive beeu so greatly altered since their original 
deposition that, from macroscopic e^camintitiou, it is difficult to tell their 
original character or the conditions under which they were deposiwd. 
They certainly do not anywhere exhibit the eoonnous proportions or 
ahundaiice of coral remains so apparent in the reef rock, Dor do they 
ebow, except ocoasiotially, an abundance of casta and moulila of molhiscaa 
sheila, Biid 1 seriously doubt whether, as alleged by Crosby ' and Kimball,* 
niid formerly by A. Agussiz,* they are coralline in origin, as in the modem 
leef rock. They sometimes contain traces of com 1, but I do not think thii 
proves that they were reef rock, for all corals are not reef building, and 
the organic remains Eire far more abundantly molluscan than coralline. 
Neither can they be called chalks, although very foramiuiferous in plaoes, 
for they are too coaraely crystalline, clastic, and molhiscan, and lacking 
in that UneuG^ and uniformity of texture seen in the chalky Iimestoti««, 
which 1 have had considerable cxpericnoe in studying. In places at thcii 
basal contact they are certainly detrital, showing (as at the reserruir 
■outh of Havana, where they are in contact with the older series of dny» 
and serpentines) a distinct conglomeratic stnictui'e, and being composed 
largely of shell fragments and beach wash. Near Villa Clara they contftin 
very small fragments of igneous material derived fWim the older rock? 
which tliey hurii^d. In many places they are distinctly Kcdimcntnrv, !is 
SCC1I in the Castillo Principe Plateau west of Havana, where tliev cn- 
tiin alt-enmtions of stratifii'd, slightly yellow argillaceous layers, while 
the several hiindrcl fci't csposcd in the rniion of the P.io Arm.-ndaris, 
south of Havana, exhibit far more niollnscan remains than coral, althousjh 
some corals are present. Likewise at Matanzas the older linicskmes ex- 
hibit every character of sedimcntaries with molhiscan remains, rather 
than coral reef structure. At IJariicoa, Nuevitas, and elsewhere on the 
west coast, the limewtones not onl^\ | pe r t Ixt sc V e tar I t jicy 
alternate with bods of a yellow a llaceo sa lae<ieohn t rial, 
clearly sedimentary, and containing gre t n n I er? of n 11 sea f sils. 
In fact, I do n<.t believe that any of tl e 1 e to es kl w N ■> f the 
Matan/as section (Plate i I. Fig. 4) a e f r f k or 1 nni of 

the opinion that they are moslly orj, II II c. 11 do 1 e.li- 

1 On llie Elcvnieil Cornl Heefs of Ciilm. rroccc.linps of the Roatfin Sotietv of 
Nnlural Ilislory. Vnl XXII. pp. I'JI-ISH. 

= Ampricnn Jonrn.il of Sririirc, IVrpTnlicr. 1SK-1. 

= Ball. Xfu9, Ci.mp. 7.wl. V.>1. XXVI. Ko. 1. DocohiUt, 1P'.i4 
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ments of marine lime mixed with the calcareous debris of the life of the* 
ocean's margin, with, in places, an almost imperceptible proportion of 
the finer physical sediments of the nucleal island. 

While these limestones and alternating beds have a great areal extent, 
it would be a mistake to assign to them a proportional thickness, for 
accurate measurements will not make tlieir thickness anywhere greater 
than one thousand feet. I estimated from the dips in the Rio Armen- 
daris section that they were from eight hundred to one thousand feet ; 
the incomplete section in the canon of the Yumuri of Matanzas reveals 
eight hundred feet ; the canon of the Yumuri of Baracoa shows six hun- 
dred feet ; the summit of Yunque displays less than one thousand feet ; 
while the section from fourteen kilometers south of Havana to Bata- 
bano is not over one thousand feet. (Plate IT. Fig. 1.) In fact, they 
may be said to constitute a comparatively thin veneering over the old 
raetamorphic floor. 

The old limestone formations occur from end to end of the island, and 
extend in many places completely across it down to water level. Their 
continuity is interrupted only by erosion along the central axial region, 
and only the low portion adjacent to sea level is covered by later deposits. 
De Castro's geologic map of Cuba* shows in an excellent manner their 
general disposition. In places, as between Mata and Yumuri, they form 
the north wall of the coast. They cap the highest eminences of the 
island seen by me, overlooking all other rocks, being overreached only 
by the Sierra Maestro, the geology of which is unknown. Their close 
proximity to the north coast and their abrupt protuberance above the 
newer formations have an important bearing on the history of the island 
as a whole. So extensive is this old limestone formation, and so abruptly 
does it rise above the coast, that, if all the coastal formations were 
stripped away, or if the island should subside for one himdred feet, its 
superficial extent would hardly bo perceptibly diminislied or its outline 
materially altered. 

The greater part of these limestones seen by me are of Eocene and 
Miocene or of Pliocene age, as alleged by De Castro. In the Armendaris 
section, near Havana, they are both Eocene and Miocene, as has been 
asserted by De Castro and others, and as is shown by my collections.* 

1 Croquis Geolojifica de la Isla de Cuba, por D. Manuel Fernandez de Castro, 
ampliado por D. Petlro Sallerain y Legarra. 1809-83. Printed in Vol. IX. of the 
Congreso Internacional de AmericanistaB. 

2 The deterniinationfl of age in this paper are based upon the palcontologio 
determinations of Dr. William H. Dall, of the U. S. Geological Survey, who kindly 
examined the material collected. 
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' At Baracoft the upper laj'ere are Miocene. Humboldt, De Caatra, ' 
Sag™, and others have reixigTiized the Tertiary age of (liese limeatonM, 
and their distinctneas rrom the niuderu reef rook, or aobonioo. Cooceni- 

r tag them De Castro aaj's : — 

"TlieTertiuy terrain' iti the island of Cuba is more important in vietroTtbe 
' great extent it cicoupies, the abundance of its fossils, and various circumstana* 
I which are peculiar to it, and which would supply matter for a long discusaioa. 
I aball have to confine myself, however, to saying that at one time it uiiul 
! covered nearly the whole surface of the island, judging; bj what ■till 
tenuune of it, notwithstanding the denudation which it has anduubtedly iiar- 
&red> A glance at the sketi:h will serve for a dexcription or enumeration of 
the localities where it is found,* although it is probable that, when the whule 
torriturjr of the island is studied as has been the tnimediat« vicinity of Havana, 
Matanzaa, Cienfucgos, and Santiago de Cuba, part of the color representing the 
Tertiary terrace will have to be replaced by colors indicating older fo^IIlaIioal^ 
which, like the Cretaceous, have not yet been recognized owin^ to lack of data. 
" The presence of Carcharadon megaloden, belonging exclusively to the Uio- 
oene period in Europe, although found in America aim in the Eocene ; the 
abundance of Orintrnda manUUi, a fnnuiiinifcr which in the United State 
characterizes a bed belonging to the Upper Eocene ', the occurrence of Orbltni. 
des at many points, as in the vicinity of Plnar del Uiu, at the western end of 
the island of Cuba, and at localities ou the eualein part of the island of Santo 
Dominfpi, forming an'extenBiTa horiioii, wonld permit the ezaiet-deteniuiistio& 
of the a;^!^ nf the different ImsIm above and bi'Imv those containing this for.inii- 
nifem. K..r the present I wilt fmllnf myself to saying that in Cuba thtn* 
nudnul,(t-dly exist deposits of llic tliru'i^ ]i.-ri.Mis into which the TyHiury U 
diviilcd, Ivcause aiiuin^ M'verjly {;<;nor:L and mure tliau two hundred speiritj 
of {iik4U thiH fur found, lli>'r<' htv, busidrs those of the Eocene and Miocvue, 
a ijrviit numl>cr which belong to (lie PliiH'enc, 

"The Eocene is perfectly repn-seritrd, and there are many fossils which, if 
they are not identical with thorn.' referred in Eun)pi' and India to the Nuui- 
niulilic, greatly remind one of them. ... It may he said that in Cuba the exist- 
ence of the Miocene and Pliocene has more evidence, in view of the abundance 
(if fossila dislinguisliiug those ages."* 

It would bo desirable to make a complete study of these old tertiar}- 
deposits, init it would rcnuiro years of careful paleoutologir: and straii- 
grnphir; investigation. Tlie observations made by nic at various localities 
were not sulliciently numerous to enable the construction of a generalized 
section, or to percnit deductions concerning (lie permanency or cootiiinitv 

■ Pruebas ralfonloinKk-as, p. 7, 
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of the horizons aud the alternations of lithologic material shown in the 
local sections, such as the great beds of fine siliceous and argillaceous 
mixtures with the lime, as noted at Matanzas and seen from there east 
to Baracoa, forming thick strata of yellow material,, containing, at least 
at Baracoa, Miocene Mollusca and corals, as determined for me by Dr. 
Dall and Mr. T. Wajland Vaughan. (Plate I. Fig. 5. 3.) 

The slightly arenaceous yellow beds outcrop at Nuevitas, Gibara, and 
many other places along the coast, and are included between thicker strata 
of limestone, and I think they are underlain by several hundred feet of 
that material, and belong near the limestone capping Yunque and the 
Yumuri bluffs. These yellow bluffs underlie the soboruco reef at Bara- 
coa, and are capped by a thick stratum of old limestone back of the city. 
The harbor is largely formed by their undermining. They are also well 
developed beneath the old reef points of Mata Bay. 

A peculiar rock mfitorial in the old limestone series at Baracoa, and not 
seen elsewhere, is a hill (Plate I. Fig. 5. 4) of almost vertically stratified 
siliceous material, which at first sight resembles gray chalk, but has the 
light specific gravity of some of the diatomaceous earths. Under the 
microscope this material is found to be composed largely of siliceous re- 
mains of minute organisms, mostly of Radiolaria, with sponge spicules and 
echinoid fragments, but containing no diatoms, so far as I have studied it. 
This material is distinctly stratified, and contains occasional thin separa- 
tion layers of a gray-blue clay aud some flint-like siliceous nodules. It has 
clearly undergone great disturbance, as is shown by the vertical arrange- 
ment of its beds, aud apparently lies below the yellow beds, which are 
Miocene, as determined by Dr. W. H. Dall. This material has always 
been a source of great perplexity to the people of Baracoa, who could not 
classify it or understand its qualities. The reservoir for the village 
water-works is located upon the single hill where it outcrops, on the 
southwest side of the harbor. The beds are over five himdred feet in 
thickness, and I think they overlie the oldest of the limestones, but this 
I could not ascertain with certainty. Neither this material nor the 
yellow beds which together constitute at least five hundred feet of the 
tertiary sequeuce can bo classified as of coralline origin. 

The Post-Tertiary Folding. — The chief feature which separates the older 
limestones into a distinct system from the modem reef rock is the strati- 
graphic unconformity between them, and the fact that the former have 
undergone great folding and disturbance prior to the deposition of the 
latter, which are always subhorizontal. In no locality have I seen the 
newer reef rock folded or greatly pitched, but the older limestone is 



fi«qu(tDtly tilted at an angle of forty-live degrees, aa at B(ira<»a, snd 
aometiuiea inteusely folded luto aaticliaes, aa back of Havaoa, nod prt- 
Bents every dt^gree of folding and disturbuuco iu tbt; numerous nil*a^ 
ciitH butweeu Uavaua and Mataoms, at Villa Clara, Yumuri, and elw- 
wbore. In fact, it is seldoiu if ever subliortzontal on the north eooM, 
and tho later deposits am entirely miuonformable with it. While the 
detaila of this disturbauue could not bo wrought out during the bri«f 
time which I spent upon tlio inliLDd, its chanictor caut bo seen in iIm 
varions aeulions and illustrations given ou Plato I. 

The general lay of tbe old Uiuestoue is Ihut of a low anticline vh«e 
axis corroB|K>iid)t with that of the island, with folds more greatly deTcl- 
oped along thu northern coast This folding took place clearly Dear the 
oloBu of Tertiary time, and prior to the deposition of the Post-Tertiary 
funnutiona uml elevatioas to be described, aud indicates one of tho miHi 
important epochs in the geological history of Cuba, representing, as it 
does, an orogeuic folding not elsewhere traceable in North American 
history. I'bis folded condition of the limestoue, however, baa in no 
manner influenced the later topographic detail of the siirfaoo, and vtu 
mostly, if not entirely, antecedent to tbe great regional elevittiona to U 
described later. 

Tlie I'ott-'J'ertiary Formaluiat. — In strong contrast to the older Tei^ 
tiary limestones is a more modem gronp of limestones of Dndonbted 
ciivil-ri'i-r uvf/in, iiliitli l.onli^r tjje Ci.iist in most places, or form snull 
ci.ral i^^■ts iidjjiccnt tiioivto, niul arc locally kuinvii iis soborii.-o. 

M. Knmoii du L'l Sii-ra has defined tliis formation as follows : — 

" r.'.iiitri' funnrilinTi ile calrniri' rnoilenii', <\w n rei;ii dans \v piiv* If nmii ■!« 
^.,l:r;,;: -.■ Irinivr ik |..,i- ,|i- hi n'.to lUms plusii-urs oiiilr-iit:- -k- \'\\.' ■ ,-lk- .-t 
t.ll.-ui.'ii) rr.,-u!, .|u.- s.in ii(,'-li>niOniti..i. ronliniic iiutiil- imj.nira'hni, i^t cV-l 
a Ah- riu,. r..ii il.iit 1,.^ ciyi'N Ics ri'i-if^ el Lmn Iw Im-^-luinU ,k criiix. I.,- 
I'lirtie.- .-uin'Tiiuros ^^■l;■vellt pnrfi'i^ :i piirlir il'iiin' priifninkui- du viiifil k livn;.' 
hm^^^vii. Tu.ii.-. I,s i.i,--,':i]iU'. lie .-ctt,- hkIil- ^i.iit reoiin\-nw li'uiie coiid,,' 
cal.-iiire n-ylLiiK^.v^ avei; ilea k^W.-^ ir;iiiiiii;uix, des toi|uilles, de c^-raiix, ti -1. 
ijiiidrqiori',-."' 

The floviited rocf rock can alwnva be rrcoimi^cd liy the perfection ami 
nl.niid;Hir,- of mcII prcs.-rvcil remains of rcof-itiakiiii,' coralw, whiuh funii 
till- LTivit.r ]m>].orti.i,i of the i.mssand nnniistaknlily shnw its oripn. nii.l 
\.y 111- ;,1.<..,|,.,- .,r M,b,livisions inti.laiinnation and bcddiiii; platK-s. Tlu- 
snrf.iri- is i-rulirallv the old level of tlic sidmicrjred reef, tbe sliurj.vr 

1 ili-l..in> riij!,i.|iic, do. J« rile de Ciibn, Tom, I. i 110. 
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irregularities having been levelled by solution. The formation averages 
about thirty feet iu thickuess, and usually extends iulaud only a short 
distance, often only a few yards, as on the northwest end of Moro Point, 
or not over an eighth of a mile, as at Baracoa, and is especially well 
exposed along the narrow points of the numerous small harbors, as shown 
on Plate II. 

The soboruco is a topographic as well as a stratigraphic feature, for its 
suiface is a bench gently sloping to the sea ; it has neither been covered 
by later deposits nor greatly denuded. It usually forms a cliff at the 
surf line, about fifteen feet in height, against which the surf beats with 
great force, wearing deep indentations. The spray breaks over the 
summit, with the aid of the sun producing the surface induration which 
is visible wherever rain or other moisture falls upon the hot limestones, 
or weariug the surface into cavernous Karrenfelder. This solution and 
induration at Baracoa, for instance, has converted the limestones in 
spots into a coarse saccharoidal marble, and has aided in the segregation 
of small lumps of iron ore direct from the coral. 

Where I was able to examine the base of the elevated reef rock, 
mostly at the mouths of rivers, it seems to have been deposited rather 
abruptly upon a semi-argillaceous terrane of silt, and occasionally very 
fine pebbles, which have been brought down and deposited by the rivers. 
(Plate II.) I did not find it growing upon the lai^ger gravel which is 
deposited immediately at the river's mouth, as is seen off the Yumuri of 
Baracoa, where the river empties into the sea, and not into a bay. Further- 
more, the present submerged fringing reefs do not grow immediately 
where the rivers send their fresh waters into the sea, but are interrupted 
there by a barren area simulating a submarine channel, as is shown in 
the accx)mpanying illustrations of the harbors. This fact has an impor- 
tant bearing upon the origin of the present circular harbors, and upon 
the theories of alleged subsidence, both of which subjects are more fully 
discussed in later pages. 

Is is impossible to describe all the localities at which the soboruco was 
observed.^ Sometimes, as along the Havana coast, it occupies a narrow 
coastal strip extending from the point of one harbor to another. Again, 
as on Moro peninsula, opposite Havana, it occurs only as a small patch 
in a slight indentation in the old headland composed of folded Miocene 
rocks. (Plate I. Fig. 2.) 

At Tanamo and other places on the north coast the soboruco not only 

1 See A. Agassiz, Bull. Mub. Conip. ZooL, Vol. XXVI. No. 1, Plates XLIV.- 
XLVII. 



forms the border of the maia]aui), but conatitiites many bordering ill) 
of great areal extent. Generally thcee arc low, standing only a few fcvl 
above the water. There is a vast elongated archipelago of these elevalcii 
reefs bordering the coast all the way from a point east of Matanzas to 
Nuevitos. I passed most of this region in the night, and I can say 
little ooDcerning it. At Nuevitos, in tbe barbor, there ore thrt-e peculiar 
islands, known as Los Ballantos, which have very great resemblance to 
the Keys of the Bahamas, prcaentiiig a bold, rounded escarpment at tlie 
north point, composed of yellow friable material that may have bocD 
(either coral Hand or the yellow Miocene clays. It wae impossible to get 
ashore to those to examine them, atthougb this was the only locality 
seen by me where there was a suspicion of wind'blown formation. The 
^eatest areal development of the flat suboruoo was found aloDg the 
outlet of this harbor. 

Nowhere have I seen the elevated reef rock folded or otherwieo dis- 
turbed except by the gently coostward inclined elevation it has under' 
gone. The interior margin I have never observed at a height of ova- 
forty or fifty feet. In general, there is only one massive layer of this 
old reef rock exposed, btit at MatanEus there is undoubted evidence af 
two older underlying reefs, the inner edges of which liave been elevated 
with the modern reef so that they do not form distinct terraces. It maf 
be that the apparently continuous reaf around Cuba represents mnm 
than one of these layers. 'Whetlicr one or several iiltoniations of rocr^ 
the ftobonico as a whole certainly represents a recent and uniform elt- 
vatiou of the tthnle periphery of the island at a very recent period of 
geoloj,'ic time, but snllieiently long ago to have permitted consiilrnilile 
alteration and evo:iioti. It is fi.und from Cape San Atit-mio to Gipe 
Maysi on the north side of the island, and at many i>hifes on the s.mfh 
side, especially near Santiaj;o, as described by Kiniball.' 

Cnntera is a term used ihroughont .Spanish comitries for any stfiK' 
ttint is soft enou;:li to be hewn or s.awed with ordinnry carpenter's loci-. 
as distinjrni>licd from a stiiiie ri^qniring mason's implemonis. Much if 
the cantera in Culm is composed of a soft mollnsean or coralline lime- 
stone, which has not the irregularity of composition nnd density and lii^ 
varyini; hardness of (he i-lder limcslnie, n^r the nnalteretl coral stnictiin.' 
of the elevated cmst reef. It is intermediate between the two, and nny 
represent a sla^'c in idteration hetiveeu them. It is fmely cclluhir, .r 

times liiicd with hiilryoidal lime coating. 
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Quarries of cantcra are found adjacent to most of the cities on the 
north coast of the west half of the island. They occupy a slightly 
higher altitude than the coast reef, and usually constitute the first 
bench of the Island above it at a lower level than the erosion planes in 
the older limestones. (See Havana and Matanzas sections, Plate I. Fig. 
1. 2, and Fig. 4. 1.) 

I did not observe any break between the cantera and the older lime- 
stone, owing to obscurement, except in the Matanzas section, where it 
clearly appears that the cantera is mostly old reef rock which has no 
topographic integrity, and which was unconformably deposited on the 
older limestone after the latter had been considerably elevated. In other 
words, it there represents the oldest of the recognizable fringing reefs. 

At Havana, in the convict quarry, northwest and at the foot of the 
Castillo Principe Plateau, which is made up of the older limestone, there 
is a great cantera that seems more molluscan than coralline. The same 
deposit is also worked in the banks of the Rio Armendaris, two or three 
miles southwest. Topographically it here underlies an erosion level 
intermediate in height between the level of the modem reef and that of 
the Moro Plateau.^ No cantera was observed east of Matanzas in the 
ports of Segua, Gibara, Nuovitas, or Baracoa. It is not here proposed 
to establisli the cantera as a persistent geologic unit, for there may be 
other cantera beds in the old limestone. The coralline cantera of Ma- 
tanzas and the molluscan cantera of Havana are not found at an alti- 
tude of more than one hundred feet, and they are always near the coast. 
At th« former locality the cantera is the oldest of the rocks of prob- 
ably coralline origin, and at the latter it is intermediate in position 
between the modem reef rock and the older limestone. 

Throughout Spanish America the term "playa," meaning literally 
a flat beach, lacustral, or shore deposit, is applied to alluvial flats or 
mud plains composed of gravel, sand, and clay. In Cuba I found that 
the term was generally used for an alluvial deposit sometimes lining the 
inner margin of the circular harbors, as at Havana and Baracoa. These 
are small in area, and are usually adjacent to the zone at which the 
rivers come out of the highland into the harbors ; they represent delta 
deposits that have undergone slight elevation coincident with that of the 
modem elevated reef. Their origin is more fully discussed under the 
head of Harbors. 

^ Specimens of this cantera received from Havana since this re}>ort was written 
somewhat confirm the impression that they represent a late Post-Pliocene deposit laid 
down aj^ainst the older Tertiaries, and prior to the elevation of the soboruco. 
VOL. XVI. — NO. 15. 17 
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Flat, marshy alluvi&t de|)oavt8 (cienagas) occur in many places, but 
muBtly im the south coast. At Batabaiict;, opposite Havana, thti coaiiC 
for A mile or more inland is comjKJBed of ancient alluviiil material, ap- 
parently aimilar to a calcareous mtid now depositing and forming tlio 
bottom of the adjacent sea for a mile out from land. These cienngu 
and cienaga deposits are roptirted to have considerable extcut at variouH 
places, especially on the south coast. The elevated portion is eyuchrooous 
vith the iKiboruco elevation on the north coast. 

A striking peculiarity both of the older structuros and the coast 
deposits of Cuba ia the scaroity — altuost total absence — of arenaceout 
or saody deposits. Nowhere ia found the fine quartz sand such as 
ocotiraulatos around the northern littoral of the Gulf of Mexico, and the 
presence of pieces of quartz gravel is very rare, even in the delta deposits. 
This is owing to two reasons : (1) the formations of the island, Imth the 
older metaniorphic foundation and the limestones, poseoBs very little free 
quartz, and (2) the littoral sands or physical sediments of the peripheral 
drainage of the Gulf, derived fi-om the continental Americas, are not 
transported as far as Cuba, as Professor A, Agiissix has already pojnl«I 
out. Even the bujldiug sand of Havana ami other places U calcareous 
beach debris, 

Jte^t. — No description of the geologj' of Cuh« would be oomplet* ' 
which stopped at the ocean level, without allusion to the adjawnt suh- 
merfied eoral reefs tliat fringe its shores or lie a short dJKtiince aw.iv, 
whicii, with the adjacent siilimnriuo topo^rraphy, iiavc been so ablv 
described by Mr. Ag:issii:-' So fully has he described these plienomena 
that it is not necessary to discuss them further, e.teept to call attiu- 
tion to tlie fact that there are often conaiderahle deptlis lietwoeu liic 
Imrricr reefs and the near-by land. This iias iniitortant bearing uj-ju 
the topography of parts of the coast. 



II, GEOLOGIC HISTORY RECORDED BY THE 
TOPOGRAPHY. 

fJenertil T'ipnrjraphy. — Having reviewed the fundamental rock stn 
ture npon which tlie s.-ulpturc of llio hui<l is dependent, we ran now pn 
to a more intelliirible disi:usKiou of tlie general topography and its e\ 
Intion. It is neilhcr necess:.rv imr jmssible to fjivc a miimte dnail 
dcacri]ition of the gen._'i-^iil,y of Culm, but only so mncli as may relii 

' Bull. Mas. Conip. Z™l., V„l. XXVI, No. I, Decemlicr, WH. 
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to the genesis of the island. Its shape and outline have been described 
by various writers, notably Humboldt, Sagra, and R^elus, and I shall 
touch upon only those details or generalities that will help to elucidate 
its geologic history. 

The outline of the island might be compared to that of a hammer- 
headed shark, the head of which is the culminating range along the 
straight Santiago coast, from which extends westward the longer, lower, 
and more sinuous mass of the island, while the fins are represented by 
pendant coral reef archipelagos. The Santiago coast is excessively 
mountainous, and is supposed to be in some way genetically connected 
with the mountain systems of the other Antilles. Concerning the com- 
position, age, and topography of these ranges, we know little except 
what has been told by other writers, to the elfect that they extend 
aproximately in an east and west direction, towering far above tiie 
levels of the remaining portion of the island, and occupy a very narrow 
strip close to the ocean's margin. Extending away to the north and 
west from this nucleal elevation is the main body of Cuba, which is 
primarily a great limestone plateau intensely eroded and terraced, with- 
out any well defined axis of higher elevation except as indicated by the 
headwater drainage that diverges from it and flows into the opposing 
seas, the latter feature corresponding to the longitudinal axis of the 
island. The highest elevations do not occur in a continuous ridge, but 
are irregularly dispersed, as if they were remnants of a dissected elevated 
plateau, diversified by plains and irregular chains of hills, often nearer 
the margin than the centre, and seldom over two thousand feet in 
altitude. 

The topographic forms belong to two categories, those of the inland 
and those of the coast. The former depend upon uplift and erosion, and 
are mostly the product of superficial agencies. The coastal features, 
on the other hand, are the product not only of uplift, but are largely 
influenced by the sea, — its life, its sediments, and its surf erosion. 
The latter are of little areal extent, especially on the north side, where 
they form the merest fringe around the island. The uplands extend 
close to the coast, where they are terminated by abruptly terraced 
cliffs, or series of successively lower levels. 

The Inland Topography. — This includes the whole surface of the 
island except the narrow coastal plains and elevated reef, and is pecu- 
liarly and strikingly different from any topography to which we are 
accustomed in the United States. Under the influence of excessive 
humidity, the solvent limestone material of which it is mostly composed 
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bas assumed the aspect of an auoient and much carved Iimd sur&ce, 
while the geology, ou the other baud, tells us that it in comparatively 
uew. The peculiar eurfuce ooiifiguratiou <jf the island is solely ftuo lo 
the decay aod oroaiou of theae older liuioatones. Where tliey predomi- 
nate, the interior eoimtry remote from the aoiuewbat attrnpt coaBt in 
Buu-ked by eKteusive flats or Llaiiurae, upou which rest, vitbout oajr 
apparent ayBtamatic arrangement, short raugeH of abrupt hilU or knobs. 
Both the plniua and tlie nioniitaius are uomposed of the Bame old 
limestone. (Plate III.) 

Although the rocks dip nt various tingles in gentle waves or folds, ami 
in some cases with nuiuerous short anticlines, it was impossible to make 
out any system of distiirlianco which iuflueucod the minor topography. 
This sub-arrange me ut of the underlying limestone structure does not 
influence the present surfnue topography, as the strata are of tnsufB- 
cieut induration to create topographic irregularities. 

Tlie limestones decay so rapidly at the surface that thoy can seldom 
be seon in a freshly exposed condition except in railway cuts and qttur^ 
riea. Everywhere they disintegrate into a rich red residual soil, some- 
timoB of groat depth, which contains a large percentage of iron denvcd 
from the limestone. This sub-aerial decay is beautifully shown in the 
cuts of the Havana and Mataimns railway near the latt«r city, an illiu- 
trntion of which is shown on Plate I. Fig, 7. This iron has great 
ecotioniic value in the viciuKy of iSantiag'i de Oulia, utidcr the ccmditioiis 
shown by Kiniliall. TIjo iinieslone is also multiiig aw.iy liy deep iiu- 
dorijround sulution, and is very cavenioua. This decay, procccdiiis 
irrcKiilarly, being much greater in some spota than in others, pruducea 
large sinkH, as in the limcfitono regions of Kctifuoky, only of a vastly 
greater area. Thus it is eviih'nt that the dcfji, sloping iiideiitiitioiis 
are produced not solely liy surfiice corrosion, but imrtly by underjrrouuii 
decay, the streams caming away the lime in solution, rather Hiau li* 
physicjil debris. A nn«t remarkable illustration of the effect of sylutjiui 
upfm the topography ts the valley of the Yumuri dc Matanzas, a jjlau of 
which is shown on Plate II. Fij;. 9. 

When this rapid disintefjration and dcjiradation of the old limestone 
is consiilercd, it is evident that the ancient limestone summit of the 
island must necessarily have been greallv lowcifd in outline. In other 
words, the present highest levels of tbe limestones do not represent tie 
altitudes which they formerly attaineil, hut arc merelv planed otf rem- 
nants. It is impossible to determine how great a portion of the top ,.f 
Cuba has lieen thus removed, escept so far as to sav that, jiuli.'ing from 
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the present rate of denudation, it must have been a large amount, for in 
places it has laid bare the old metamorphic floor. Wherever I have seen 
the latter, it unmistakably shows that it was once covered by the lime- 
stone. This is well shown in the accompanying section across the island, 
through Havana, where the older foundation rocks always appear in the 
▼alleys of erosion beneath the escarpments of stratification formed by 
the adjacent limestones, the latter being so tilted around their periphery 
that, clearly, they once extended over them, as at Villa Clara. It is 
easy to conceive that, if erosion proceeds in the future as in the past| 
without further elevation of fringing coast deposits, the island will ulti* 
mately bo planed down to its original core of serpentine and allied rocks, 
without material alteration of its coastal outline. 

The most ancient part of the longitudinal limestone arch, as back of 
Havana, has been removed down to the older metamorphic rocks, and 
a strip of the older limestone formations running parallel to the .coast 
remains between this valley and the sea. (See Plate I. Figs. 1 and 2.) 
This, in turn, by a cross erosion of the streams, is serrated into frag- 
mental remnants of the limestone, like the Moro and Castillo Principe 
Plateaus at Havana. The Pan de Matanzos, near Matanzas, and the 
peculiar mountains of Moa and Yunque, near Baracoa, are remnants of 
older and higher levels which have been preserved in this manner. In 
fact, the erosion has been so great that the limestone is almost removed, 
except where preserved in isolated mountain buttes like the Sierra Yun- 
que and the Pan do Matanzas, and headwater erosion is constantly de- 
stroying the remnants of the original limestone plain by deepening the 
cols down to the metamorphic floor. Granting that the older limestones 
once extended over most of the island in the contour of a low dome, 
and that this arch has undergone several periods of intermittent eleva- 
tion with corresponding intervals of rest, accompanied by base levelling, 
the topography can be more easily explained. 

Where the limestone is the prevalent formation, as in the sugar 
country of central Cuba, the surface is marked by extensive level tracts, 
covered with the deep residual tierra colorada, one of which plains is 
well shown in the accompanying photograph. (Plate VI.) The continu- 
ity of these plains is broken by abrupt hills, either single or in groups, 
some of which seem to have no persistent axis of direction, and are clearly 
remnants of the higher level below which the land has been degraded. 
The plains show very little slope to the eye, and project abruptly to the 
foot of these limestone hills. They vary in size from many sqtiare miles 
to a few acres. Even the small plains, when entirely encircled by 
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mountains, are very fiat, and abruptly terminate against abort linea o( 
bills, anil tbcro is uo reason to doubt tliat tbey aud the liniestoue hilln 
are the product of the unequal resintauce of the dilfcreiit tiDicstouet 
above dfscribod, tlia mountaina represent iug tlie reRiuantB below wbiuh 
tlie plaiua developed on auotlicr harder plane. (Plate V.) 

The emiueocesof Cuba called mouutaiuB, with the exception of ifaa 
Bierra Maestra and kindred ranges of the Santiago uoaat, can now be 

, easily claauified. (Plate I. Fig. 8.) They are all either (1) the direct 
reronants of the old limestone covering carved out by circumscribing 
croftion, or (2) inequalities of the ancient nietamorpliic floor from nliich 
the liuiestoue has been denuded. 

The niouutiiius of the former kind may be placed in two gcucral 
classea, according; to tbeir altitude and degree of eroiiion. First are the 
high limestone peaks, menas, aud ridges, having an altitude of from one 
thousand to two thousand feet. The Sierra Yunque of Bsracoa, tbe Pan 
de Matanzas, and the Tetas de Managua, are examples of isolated peaks, 
standing close to the uorth shore of the island. Each of these is 
flurruuuded by deep drainage valleys cut almost down to sea level. 
They are many miles away Irom any masses of land of similar ultitudu, 
ui couspicuoue landmarks along the coast. Their suuiniita are of 

F 41)0 sttb-horizontal strata of old limestono, while the base of at lenst one, 
the Sierra Yimquo, consists of the older mctiimorphic rocks. The hi^h 
ridgoa, like the Sierra San Juan, iirid the lii^'h summits of the central 
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and unbroken wall of the old limestone, but as we go westward they 
become more dissected, as iu the line of high hills along the coast, and 
in the background against which the little harbors arc cut out as far 
west as Nuevitas. Still farther westward the contour recedes slightly 
inland. On the south or Santiago coast, the same level of the cuchillas 
summits is preserved in diorite and syenite. 

In addition to the limestone mountains of erosion described, there are 
many low hills in the central part of the island adjacent to Villa Clara 
(Plate IV.) and Puerto Principe which are clearly structural remnants 
of the older metaraorphic floor, from which the folded limestones have 
been eroded, the latter being often preserved on top of the higher ele- 
vations, or sharply inclined around their edges. The series of sharply 
rounded hills between Havana and Matauzas is also the result of the 
wearing away of the limestone covering down to a floor of tuffs and ser- 
pentines, which, owing to its softer nature, is more deeply and sharply 
sculptured than the limestone regions proper. 

Concerning the geology of the Sierra Maestra of Santiago, Kimball 
Bays that the old limestones preserved on their slopes show that at 
least twenty-three hundred feet of their elevation are Post-Tertiary, and 
there is no recorded evidence of any Post-Tertiary eruptives or flows. 
I incline to believe that these ranges belong in the same class with those 
of the Villa Clara type. Although the close of the Tertiary was marked 
by much folding, recognizable mountains simulating Post-Tertiary struc- 
tural folds, or evidences of Post-Tertiary extensive volcanic action, are 
certainly rare, if they exist at all. The present irregularities are all 
the result of erosion. I made every possible reconnoissance over the 
island to study the upland topography, and I think my conclusions are 
founded on abundant evidence, proving beyond doubt that the higher 
limestone elevations are solely the remnant of the former area of the 
older limestone mass. For instance, the sharp lines of limestone sum- 
mits on the high divide of the island between Havana and Batabano are 
clearly the old scarps of the Armendaris drainage cut out of a former 
plateau. The mountains on the road from Havana to Villa Clara and 
back of Matauzas are either of similar character, or are the perimeters 
(knobs) of vast basins, like the sink-holes of other limestone regions, 
only much larger, owing to the more solvent nature of the substructure. 

The isolated mountains of hi^h elevation along the north coast, like 
the Pan de Matauzas and the Yunque, are fragments of the older areal 
summits, whicli have been separated by circumscribing erosion from 
the main body of the upland, and stand as solitary remnants of the 
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t and older platesiis, which, wlien thfir limestooe cap [a finallf 
ed down to the inotamorphic buae, will assume the Villa Ckm 
1 type. 

The dminage system of Cuba is extensive. In geueral the atremiis 
Ion from the eeiitrtil aiia toward the opposite coaetB, and are of the tjpe 
which modem geographers would term aimple cuusequeiit or autogeuous 
I itretuns. They huve light-colored blue water like that of the limestoue 
t Bpriugs of Florida and Texas, and Iti caauy coses obtain tbeir supply 
I from the underground vrntcrs of the limestone region. Wherw seen 
• throughout the interior upland plateaus of Cuba they are small in 
' Tolume, and flow iu slightly indented channels iu wide valleys, and are 
' remnrkahly free fVoin the incisions of lateral drainage. A typical streoiu- 
I way is shown on Pliilo IX. They do not possess deep barmntas or 
canons until they begin to cut across the cd;^ of the Cuchillu plateaus 
near the const. In many casea these rivers are intermiltent, disAppeur- 
ing into and reapirearing from the cavernous limestones. As they ap- 
proach the escarpnionts of the coaetid platformu, they reach the sea either 
by sinking into the limestone, by tumbling cascades, or by ciittiug deep 
verticid oaSons. They are alt slightly tidal at their mouths, the snit 
water extending at high tide a short distance up them, but never reach- 
ing far inland of the solraruco. Most of them bring doirn to the coast 
the metnmorj)hic and ij;neoiis reck of the old nuclon! foundation, but in 
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northern coast, examples of which are common on all the pilot charts. 
Most of these are constructed upon the same fundamental type, consist- 
ing of a subcircular or reniform bay outletting through a narrow neck 
or strait into the sea. Into the back of the bay usually flow one or 
more of the small rivers of the country. Generally the landward side 
of these harbors is or has been the elevated, broken Cuchilla highland, 
while the points of the narrow necks enclosing the outlets to the sea 
are sub-level plains composed at the sea margin of soboruco or recent 
elevated reef rock. 

On the landward side of some harbors at the foot of the cuchillas, 
those of Havana and Baracoa, for instance, there is sometimes a playa, 
or alluvial plain of small area, composed of ancient sediments of the 
river, which has participated in the general elevation of the coast. 
The accompanying plate (Plate II.) enables us to discuss more intelli- 
gently these phenomena, and their bearing upon the elevation of the 
island. 

There are two possible hypotheses concerning the origin of these 
harbors. The first is that of subsidence and superimposition, as set 
forth by Crosby,* given more fully in the portion of this paper treating 
of evidences of subsidence. This implies that the elevated reef rock 
once extended across the area now occupied by the neck or outlets, and 
at a former epoch of elevation was eroded through by the rivers, and 
that by subsequent subsidence the waters of the sea encroached upon 
the land through the channel thus worn, producing an estuary. A 
second hypothesis is that they are the result of the growth of fringe and 
barrier coral reefs adjacent to or opposite the mouths of rivers, which 
were subsequently elevated and unequally eroded. In my opinion, the 
harl)ors were evolved from the simple type of rivers now emptying 
directly into a fringed reefed sea, like that of the Rio Ynmuri of Baracoa 
and the Limones. (Plate II. Figs. 1 and 2.) The rivers all originally 
emptied directly into the sea, as do the Yumuri and the Limones of 
to-day, and the coast line was the precipitous bluff of the Cuchilla high- 
land, now forming the background of these harbors, in front of which 
was a basal shelving beach. Delta material was discharged off their 
mouths into a deeper area between the shorciand an outlying barrier 
reef, as now seen in the harbor of Jaragua, or into reefless submarine 
areas produced in the following manner. The entrance of the fresh 
water into the sea prevented the growth of reefs immediately opposite 
the mouth of the river as far out as the freshening influence of the 

1 Op. cit. 
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river water was felt, which includes the delta region of coaraer gntvel 
depoeic. But it can readily be Been that certttjn phyalcaJ sediment^ 
like tiue gravel, will receive eDough impulse trom currout and Burfto l>« 
oarried iuto the margins of the salt water, so that nnUBiiolly opportune 
couditious are created for coral growth imcnediately where the water be- 
oiiines suSicieatly salt and food abuudaut. Thus it is that fringe revfs 
io not usually form immediately at the mouth of rivers, but leai-e non- 
cnralline gaps in the reef siiuiilating an extended submarine cfaaunel of 
the river. This is clearly shown in the chart of Limonea (Plate II, Figs. 
1 and 2), and other rivers, where the present submerged fringe reefs 
make a projected channel into the sea. 

It is the rulfij whether the land is subsiding, rising, or stationary, tlidt 
the sea always indents the mouths of rivers after they have once n'schi^d 
its level, and tends to wear away the angular points bordering its mouth. 
This wearing is produced by the diurnal chauge of tidal level, and the 
resiiHing constant corrasion, however small, of the bottoms, whether by 
fresh or tidal curitinl ; so the level of the sea, even in a delta-making 
Stream of perceptible age, will constantly encroach inland and causa 
Braall estuarine deposits in the indented mouth at high tide, to Im 
moved outward with the ebb. Thus it is that the steep rivers of Cuba, 
vbich are alt very old and permanent, havn slightly indented baas level 
with depnsita of gravel eistendin;; inward coincident with the fluctuatioD 
of the tide. 

The playa deposits f.nnul along the interior l>nrdor of the harbors of 
Havana and rviraoii represent the coarjicr gr.ivel and silt thus foniierly 
givon np by the rivora upon rcarliiny: tide level. In-fore the latest elecii- 
tion. In the present Yuniuvi of the oast the flood tide extends a inilo 
or lew np the nver. At the time of the j^eneral elev.ition of the foi.st 
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now seen at Baracoa, where the surf line, which enters the narrow bay 
with gathered force, breaks against the uucousoliduted miocene yellow 
deposit constituting the sides of the harbor back of the elevated reef, 
and huge blocks of the latter constantly topple over into the bay. 

There is general remark throughout Cuba that the harbors are becom- 
ing shallower. Captain Mclntyre, a trustworthy mariner, who has been 
trading at Baracoa for over forty years, assured me that within his 
memory the anchorage area has steadily decreased, and that ships which 
formerly discharged their cargoes at a pier, are now dependent upon 
lighters. While it is very probable that the silt from the rivers is a 
partial cause of this, it may be probable that steady elevation now going 
on, as it has certainly gone on in very recent time, may be productive of 
the shallowing. 

The ovoid harbors thus developed from the simple type of river 
emptying directly into the sea and undermining the contiguous reefs 
attain a third stage (Plate XL Figs. 7 and 4) in which the regular margins 
become denticulated and irregularly indented by erosion, as seen in the 
harbors of Havana and Escondido. In the harbor of Havana the ex- 
cessive irregularity of the interior margin is increased by the fact that 
the limestone background has l)cen cut through down to the tuffs, 
serpentines, and clays underlying it, which degrade into more irregular 
topography than that of the limestones. 

Terraces and Benches. 

The most striking feature in the topography of Cuba consists of the 
well defined terraces and benches which mark its coasts in many places. 
These are often so distinct, especially at the cast end of the island, that 
their continuity is traceable for many miles, as they rise abruptly from 
the water's level, one above the other, in a series of cliffs. On the west 
end of the island they are not so distinctly visible from any single point 
of view, for the flat benches are much wider, but they are nevertheless 
traceable. In other places denudation has destroyed them. 

Besides these benches and terraces, whose integrity is distinctly pre- 
served, remnants of older and more denuded levels can be traced, and 
for convenience they may be classified as follows : — 

4. The Soboruco, or elevated rcof level. \ 

3. Elevated beach and cliff lines and ? 1. Later (Lower) levels. 

the Havana l>aso levels. ' 

'2. The Cuchilla level. J « ^, , /„• t. .^ , 

1. The Yunqne level. J 2. Older (Higher) levels. 
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TAe Sobomeo, or Elevated Rerf Levrl. — The general extent and top»- 
grapbic character of the sobcnico is explaiued oil a previoue page. It 
forms the lowest bench iuimediatelj adjot.'ent. to tbe entire north omjA 
and along tha Sautiago front, and is topographically and geologicallj an 
elevated coral reef. Syouhi'onoua with this level are the elevated plnvi 
dcpoaJta in the harbors, and the elevated cienaga or mud deposit on tb« 
BDuth side of the island at Batabauo, 

The Beach and Cliff Terraca. — On the east end of the iBland. the nortli 
coa:dt is marked by, three distinct and abrupt clitTs and terraces cut out 
of the steep elope of the old six-hundred-foot plain, or the Cuchilla level, 
which furma the highland. Between Cape Mayai and Buracoa the coart 
is practiciUy inaccessible. The three terraces seen in this region are so 
clear and diatinct, that they are readily visible at one view, and their 
continuity is clearly traooablo fur miles. They can be best understood 
from the accompanying figure (Plate I. Fig. C), and a descriplioa of the 
coast adjacent to the month of the Yumuri of the east. Here the river 
emptiea directly into the sea through a precipitous canon aSbrding a 
fine croas-aection of the benches, so that their architecture and orij^in 
can he seen. The coastal scarp consists of three narrow stib-lcTcl 
benehea, each surmounted by a vertical clilf. Bench No. 1 is the ftret 
I^Bub-lerel strip above the sea. This in general represents th« level of 
the elevated reef, which nearly everywhere forms the low-lying coastal 
plain and breaks off at thu sea in a surf ivaJl some ten feet in len^'th. 
Its interior mar^^'in n-rainst the base of tlic lirst grc.it cliff is forty ftvt 
high, and it nowhere exceeds one Jiundred yai-ds in width. ImiiiL'- 
diately off the mouth of tlie Yumuri Iliver, however, a gravel delta fiiu 
spreads out in limckisli water, a hundred yards or so on each siile. 
The present submerged fringe reef does not grow immediately where 
this delta fan is being deposited across the river mouth, but appears on 
each side. If tlie present bottom, constituted as above, should be ele- 
vated forty feet, it would ]irodiiee a lieach exactly ainiilnr to the elcvulfil 
one now seen ; that is, it would l>e c<iiuposeU of alluvial gravel iniuie- 
diatt'ly where tlie river onco emptied, and of coral limestone a luinilreil 
yarilsVr m..re mi ciul, side .if it. 

Tills lowest terrace (No. I), which is usually farmed of elevated rt'if 
rook, iseomposed of alluvial gravel immedi:.leiy off tlic cut of tlie vIv^t. 
and of elevated reef rock a f|uarter of a mile away scnvvaid. This lowest 
bou^'l. cnisi^fs .if Ri-verni small levels, tlio uppermost of which is the 
spc'lally well defm.'.l alluvial t:ri.vel phiiii. 

This'oM beach aljuta a-:iiiist u cliff (No. 2) about one hundred and 
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twenty feet high (one hundred and seventy feet above the sea) worn out 
of the lower part of the old white limestone. Its sides are vertical in 
most places; and inaccessible. This clitf is in turn surmounted by another 
bench (No. 2), which was likewise formerly an old beach level, from 
which any remnant of the deposit that may have once existed has been 
eroded. It is covered by a dense growth of vegetation. The river 
cafion which cuts across these cliffs and benches shows that they are 
not elevated built-up coral reefs, but are clearly cut sea terraces in the 
old limestone. The second bench is about a hundred feet in width, and 
abuts against a second vertical cliff, the summit of which is nearly as 
high as that of the first one, or about three hundred and fifly feet above 
the sea. The level bench (No. 3) mounting this cliff is similar in appear- 
ance to No. 2. 

This last bench* in turn abuts against a third and uppermost escarp- 
ment of the highland, which terminates at a height of from five hundred 
to six hundred feet in the irregular upland plain forming the fourth 
level above the sea. 

The Cuchilla LeveL — This fourth level is the general upland plain as 
it appears from the sea, and represents the old land from which was 
carved the group of cliffs above described. This highest escarpment 
forms a comparatively unbroken plateau at the eastern end of the 
island, overlooking the sea, but westward the increasing drainage cuts 
it more and more into numerous serrated hills known as the Cuchillas, 
or " Knives," whose summits have a general culmination of from five 
hundred to six hundred feet, and are clearly remnants of the Yumuri 
Plateau. These Cuchillas form a very conspicuous coast feature from 
Nuevitas to the east end of the island. 

The Yunquey or Higher Level. — A single glance at the peculiar iso- 
lated mountain known as the Yunque, or Anvil, situated six miles west 
of Baracoa, is sufficient to show that its sub-level summit is the remnant 
of an ancient higher level than that represented by the Cuchillas.* This 
is a magnificent butte, whose summit is put upon the pilot chart at 
eighteen hundred feet, and so estimated by Crosby.* The summit is an 
ovoid mesa, which is apparently level, but which really shows deeply 
carved drainage ways and ancient topography indicating long exposure. 
The upper portion is composed of a mass of the older tertiary rocks one 
thousand feet in thickness, whose perimeter is an almost inaccessible 
cliff. This rests upon a base composed of the metamorphic rocks of the 

> A. Agassiz, Bull. Mua. Comp. Zo<"»l., Vol. XXVI. No. 1, Plate XLL 
« Op, cit. 



old Pre-Tertiary nucleus. From thia Biitntnit one cru look duwii u|*'ii 
till] OucliiUas, the Yumuri terrociM, tho elevatod njefs, uitil the nidt 
eipause of the oceao ; aud iiilaQil toward u cuuutry showiiig its owu 
levol, overreoclied by still higher luouiituiiis of tho Siernt Ma«8tra to iha 
Bmitb, Od every side tliu dminagu hiis cut dcop below tbia jwculiur 
iimuQtaia, carving tho low-lying coitutry into an iataglio of ecrretcd 
failla. 

No one can view thia summit without being impressed with the ipod- 
durfiil atury it. tolls o{ the great erosion that has taken place aruund it, 
ns woll fia tho fact that (he dilFereuco in elevation lietweoii ila plntvnn 
and that ufthe lower-lying Cuchilla level represeuts a viwt htntiis in titc 
hintory of tho island's elevatitm, — a long period during which laud 
stripping and degradation ensued, reducing the sumiondiiig nrcaa (a 
th« old Cuchilla orutiion level. The relation of this peculiar remnant 
to dimilar phenomunu in other parts of the island will be diacusseil Inter, 
Tho accompanying illnatration (I'lste I. Fig. 5) of the harbor of UantoM 
gives a clear presentation of tho varlcus WvoU seen in the east end 
of tho island. Lot us now examine tliu kindred phenomenit in other 
localities, 

T/u i/avaiia Levelt. — The western half of the island also prments an 
interesting aeries vf lopogr^hic Burfuoea that, for convenience, w« aiU 
denominate the Havana levels, which, nlthoneh vnrvinir hi enipressinn. 
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Cannelo are built. It terminates inland in a limestone escarpment 
of erosion, which has worn down to the underlying floor of igneous 
tuffs. 

There can be no doubt that this peninsula was once an eastward con- 
tinuation across Havana Bay of the plateau west of the Kio Armendaris 
and the Moro Plateau, and that it has been disconnected from them by 
the streams which flow in the intervening valleys. The plateau in 
which Moro Ctistlo is situated is similar in surface and structural features 
to that of the Castillo Principe, and likewise terminated inland in the 
hilly region north of Hegla by an escarpment of stratification which 
destroys the possibility of tracing its former extent inland. In area it 
represents an elongated east and west narrow platform forming a vertical 
coast line as far as Guanos Point, and extending toward Matanzas, where 
I think its level is represented by some of the terraces in that vicinity, 
and projecting, in places, as at Moro Point, fully to the ocean's edge. 
This general level of the Moro Plateau is not an elevated coral reef, but 
is an ancient level of erosion representing a period in the history of the 
island when the area it now occupies was approximately near sea level, 
and which has been subsequently elevated. Its surface in no manner 
represents a deposition plain or the surface of an old reef growth, but is 
produced solely by base-levelling erosion, and this in spite of the irregu- 
lar sinuosities seen in its substructure, the old tertiary limestone. 

The Cantera Elevation. — Around the base of the Castillo Principe 
Plateau may be traced the remnants of another level, approximately 
twenty-five meters (eighty-five feet) in height, which, for convenience, 
I will term the Cantera level. This, too, represents another and later 
epoch of levelling, and has likewise been greatly destroyed by later 
erosion. Below it, and adjacent to the sea, is the soboruco, or elevated 
reef level. 

Older Levels. — Back of Havana there is a line of still higher, greatly 
eroded hills, which overlook these levels, and have an altitude of about 
five hundred feet, merging southward into a plateau constituting the 
divide between the north and south shores of the island. This lime- 
stone plateau gently slopes away to the south coast, and undoubtedly 
once covered the hilly area back of Havana. The highest point on the 
railway, which goes through a saddle, is 101 meters (332 feet), the 
country rising to about two hundred feet above this. 

Hie Matanzae Levels. — Matanzas Bay differs from the general type of 
the sac-like harbors of the north coast only in that it is rhoraboidal 
in form, ftnd seems more deeply cut into the high background which sur- 
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ronnds it. The topography aud geology of this locality nlonA Itt so intcr- 
catitig ADil cofuplicated that it would require a leugtby jmiwr to doacnte 
it, aud it call best bo explained iu brief l>y rufereiici; to the aocoiuijanriDg 
topogniphio sketcti and sectiou. (Plate I. Fig. 4, Plate II. Fig. 9.) 

Two diminutive rivers flow into the bnrbor, tli« Yumuri of Mntanut 
And tbo Sau Juan, both emerging auddeuly from the liigliland. The 
highland or sky line aurrdundiiig the harbor on thu tno aides ta about 
uue hundred int.>tt.'n (three hundred and fifty feet) in altitude, ilb deter- 
mined by itneriiid nt Mouut Serat, (tud constitutes a fint-toppcd mesa or 
pUteun north of the Yumuri, and & poorly de6ued bencli against a etitl 
higher hilly region soutli itod oast of that ri\x-r. Out of tliis plainly 
marked level are tsarvcd the sloping and narrow lowlnnda iinmtHlmtt-lv 
Burmuudiug tlic harbor, upon nbich the city is built. Betwoci] tlio 
level of the city and the highlands the narrow reumantH of tt few te^ 
rauea or pauHation planen are faintly tniceahle. Onu of theso is about 
one hundred and fifty feet nl>ore the soa, and the other, upon wbicli ii 
located tho railway otation back of tho city, and nhtcb constitntM iht 
bench back of the Voraaillea church north of the Yumun Rivor, is aboal 
fifty fe«t. 

The Yumuri eutora the harbor valley through », doep precipitoaa 
cafion cut athwart the high level above described. Viewed from the 
city, tlii» cifioii appears to be a clinsm in n monntninons Itftckgrouni!.' 
Upon iiHrciidiii^' it f..r linjf a milu it is seen to opi'ii out into n w ide an.l 
beautiful .impUitlii'iitn'. si.iiiu four loa^rnos iu circuniftToncf, boniere.i by 
steu|)ly sloping' w.illa, and with a widi- siib-lcvol tiottom. Tlie K.tti.m 
of this viilley is only a little above soa lovcl, and if suluuer^'cd a fin 
foot would lieconie ii circular hnrlwr from the inflow of tlie soa. 

Upon .:liuibin- to tho summit of tlio cnnou to the Churcli of the 
lIcTiiiit, njion tlio hi;;li hn-cl, a ^'rand view of this peculiar aniphitliestro 
is s<.,.u. It is cl'Mrly cnrvc^l out of a vast sub-level plateau having- tla- 
genenil allitudo of the .Mi.unt Soral omiucuces, nboac reunmnts consti- 
tute tlu' plateau lyiut: between the Yumuri Kiver and the sea on tlie 
west side of the Imrl.or to the north aud east of tho ampliitheatr.'. 
Trner-s of this phitenu = also surroiLudthe south marsjin of the tiJLij.M- 
tlie;,ire, fonuin- » beiiHi fmm whieh rises a line of hiirhor hiHs. oitc 
^ernitid. — the s;iii:e whieh !U-o crossed and seen between Havana ami 
Mat-m/as. and wliirh .lo unt exceed kIs hinidred feet in altitude. This 
remarkal.Ie vallev and the more remarkable eafioti w|,i.-h conneols il 
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with the sea are subjects concerning which I am at a loss to offer 
explanation. 

The geologic section (Plate I. Fig. 4) of the canon shows that there 
are at least three alternations of old reefs and thin gravel beds, which in 
turn rest upon a great thickness, not less than eight hundred feet, of 
the older Tertiary limestones, out of which the amphitheatre proper is 
carved. The beds are all tilted to an angle of fifteen degrees, but the 
highest elevation of the undoubted coral laid down against the old 
limestone is less than one hundred feet. 

That this amphitheatre was once an indented harbor and the Yumuri 
River canon its outlet, is a hypothesis which may he suggested. The 
denuded floor shows no trace of evidence that would convey this impres. 
sion, but around the walls of the amphitheatre are. traces of terraces 
corresponding in height to the hundred-and-fifty-foot bench outside 
the harbor, and these may represent the former floor of the amphi- 
theatre when at sea level. If they do, then the Versailles, or highest 
elevated reef rocks, were formed off the point of an old outlet through 
the Yumuri. In the canon itself, however, there is no distinct evidence 
of planation terraces, such as would indicate pausation periods followed 
by renewed epochs of cutting, although just out of it on the west side of 
the harbor, back of Versailles church, old river gravels are preserved 
about twenty feet above sea level. 

Between Havana and Matauzas the interior is a very broken country. 
The railway runs back of the interior of the escarpment of the old coast 
limestones, and sub-parallel to them, for thirty-six kilometers from 
Havana, upon a floor of underlying metamorphics, constituting a very 
hilly country. At thirty-seven kilometers the railway again cuts the 
bottom of the limestone at an altitude of two hundred feet, entering a 
level limestone plain at Aguacate, separated by a deep eroded valley 
from a range of limestone hills two kilometers to the north. At sixty- 
two kilometers the road cuts through this range of tertiary limestone 
hills, which have an altitude of six hundred feet. At Serba Mocha the 
peculiar limestone hills known as the Pan de Matanzas are seen to the 
north across an eroded valley. These summits are to the western half 
of the island what the Yunque is to the eastern, — remarkable isolated 
remnants of the nearly destroyed older levels which once surmounted 
the island. The Pan de Matanzas is alleged to be twelve hundred feet 
high. It consists of a double eminence, the intervening valley present- 
ing precipitous walls. The summits are of limestone, and are clearly 
remnants of the old limestone mass of the interior, from which they have 
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been discoanecLed by erosiou, wliile the intervening ynHciys are cut ilu*n 
to tlie metaDiorpliic floor. The Tetus da Muuh^iiu art) of similar nature 
aod orijfin. 

Tbe SiJitiaga Ltvth. — Mr James P. Kimball has puliHabed a pnper 
entitled " Geological Relations and Goaesis of the Specular Iron OniR (ir 
Santiago de Cuba," ' which gives valuable details couceruinj^ the occur- 
rences of terraces on the south coast of the east end of the island in tlie 
vicinity of Santiago aud Guautauamo. Concerning these bo Bpenkn as 
follows: — 

" The immediate coast preaenU a remarkable itevelopmeDt of conil rode, or 
cotal liiuestoiie, iu three termces, of which the upper is abont 350 ftvt «boTe 
the sea. The secoml terrace ia at an altitude of about 175 feet, aud tlie prtsvcl 
«hon^ a plateau of comparatively recent elevation, about foLirt«en fi-et abore 
Udc These terraces innrk suucessive elevations of the Siem* Macsstra raogt 
Th^e stages of elevation were in direct, but probably remote, succession with 
other clevatiunn which I nhall show to be tntlicateil by traces of more oncictil 
eorallinea [coral foruiatioiif) about two mile* still farther back from the piHWut 

" The last termce, or that of the prewnt shore, falls away vertically into deep 
water 8oiunlinas, at the month of the Carpialero, 150 feet olT shore, giving i 
depth of 165 feet. It retalnB to a remarkable degree the structure of solid rwf, 
studded with dlstinut fonns of coral, and is strewn with fragments of eonl 

rtiuiiik'il liy the iviivra, hut in g[>od preservation, and iiimiberitig a. larpe vari- 
ety of spvcii^a." 

He also ahowa that traces of the old limestones are found in the high 
flanks of the .Sierra .Maestra. Of these he sajs : — 

" The f^evoral lerraws of rwnt cor.illiiie mark, as nln-ady indicati-.l. 9\kw^ 
Bive anil in clironolngical onhT the lakT uplifts of the Sierra, iu vertical raii^-e 
not hv^stlinn five humlrcl fi>.-t. 1\^^.vv, t.ycther with the series of eonillin,-) 
of the second line of for.t-IiilU, ns recof;iiii!cd by the bodies of hematite ainl 
marbii', are prnofB of a sum ufiipliflfl of not lews than ihirteen bunilre<l feet. 
OI>-.'im- traces uiinti the first raiiije of fi«>l-liil]s of still more ancient coralliius 
to which I shall ayitin ritl'i^r, pnint tn a siill nmre remote succession of uplifls 
whilst vi-rlical raii;;t.- — rtfi rrcii lo the lal^st iiidlcateit level of coral formation', 
i.'>iiii; (III.: hmuln-il fi-t-i lielnw the pn^pent shore — may be estimated at about 
t«,.nly-tlinr hui.ilrcl A-el. Fivmi the syenite hills m'ny have disappeaml bv 
fiului'vial iTii-i-.(i iiiliTveriin;; coralliot-.', between tlm-ie of the present coast and 
Ibi- lini. iif :iii. i.'ut and ii..«- mL-lanioipliwed corallines trawl airing the coiilatt 

' AiiiiTicoi Journal of Scitn.i!, IVeiiiibiT, 1S81. 



MUSEUM OF COMPABATIVE ZOOLOGT. 275 



Comparison and Correlation of Various Levels. 

Let UB now compare the various data presented concerning the coast 
and inland topography at the various localities mentioned, and inquire 
into their relation to each other. Figure 8 of Plate L will aid in under- 
standing the presentation to follow. 

That the soboruco or elevated reef represents the same general level 
around the north and south coasts of Cuba is indisputable, and can be 
interpreted in no other way than that there has been in recent time a 
uniform elevation throughout the nine hundred miles represented in the 
length of the island. It is the same formation topographicaUy and geo- 
logically, wherever seen, and establishes the fact that the elevation of 
the island, at least during one epoch, was general, and not local or spas- 
modic. If such a uniform movement has beyond doubt taken place at 
a modem epoch, it establishes the principle that similar elevations were 
not impossible in the past. 

The levels represented in the three terraces of the Yumnri of the east 
have remarkable identity with the levels of the west end of the island, 
as at Havana and Matanzas, where my detailed studies were made. The 
only difference is, that the latter are wider than the former, owing to 
the lower and more rounded character of the country out of which they 
were cut. The correspondence in altitude is such that no one can doubt 
that they represent synchronous and identical regional movements and 
pausations, and that they were once continuous throughout the length 
of the north coasts of the island, and around Cape Maysi to the Santiago 
coast. 

The Cuchilla, or dissected peneplain of the east, presents a remarkable 
analogy to the higher dissected summits back of Matanzas, constituting 
the upland divide of the west end of the island in the latitude of Havana. 
Here the old levels represented by these summits are less distinct than 
in the east, probably owing to the fact that this end of the island had 
not previously been so highly elevated as the east. 

The oldest and highest limestone summits, approximating from fifteen 
hundred to two thousand feet, as typified in Yunque, the Sierra del 
Moa, the Pan de Matanzas, the table land of Mariel, and the Managua 
Paps of the west half of the islaud which follow near the north coast, the 
highest limestone at Santiago and other places, represent the remnant 
of the oldest and highest level or levels, which have been so completely 
dissected and planed down that their extent can only be estimated. 
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These elevfltions may be ouly the remnmita of an BTrorigiDal i 
lurfacc, but coHectively thoy generally represeut a. higher l»nd than 
BxiHted before the Cuchilla plains were dateloped. Wliether the hi[^i 
BummitB of the Sierra Maestra adjacent to the Soiitingo coast contain cr 
preserve traces of still older levels is an interesting problem for the fulure. 

These phoiiomena may now be grouped into three distinct age cate- 
gories, one of which is atill further divisible into many subdiriaioni. 
These are (1) the modern or well preserved tripartite group of lower 
lying levels, cliffs, or terraces, including tlie modern soboriico, the highcet 
level of which upproximates three hundred feet ; (2) the dissected and 
greiLtly denuded remnants of the old Cuchilla lovet, Gve hundred to serea 
hundred feet above the sea, the remnant of an old general height whose 
integrity is almost deaCruycd, and whiuh is less easily traceable than the 
first ; (3) remnauta of the almost destroyed more ancient upland, oi 
preserved in the isolated hutfes of the Yunque and Pan de Matanzas 
type and the higher limestones of Santiago and Cienfuegoa, which 
demonstrate that there was once an old surface at least two thousand 
feet above the modem sea level. 

The obvious history of these levels is as follows — 

(1) In a period near the close of the Tertmrr, to be ascertained, long 
previous to the emergence of the present elevated reef and cant«n wd 

ision of the Cuchilla plain, there was a ^eat upward movement 
of the islaud to Die height of at least two fh.msmd feet, winch is vet 
has revealed no liistorj' nf its details further tliiui thit, from the absence 
of later deposits ami from Iho character of itt uiticiit md much sculp- 
tured topography, we may fairly infer that it Ins nut since subsided 
beneath the sea, hut lias remained mostly dry liiid, and tint its area 
aii.^ outline wore very nearly as groat as those of the island of to-diiy. 
This includes those portions of the island aliovu the dissected Cuuhilla 
,Mn. 

(2) The CiK-hillas at five-hundred-foot level constitute a plain or 
plains prtHlucod by base levelling in the epoch immediately following 
this oldest period of elevation, and represent the time interval between 
it and the later movement recorded in the first or lower group. The 
country was planed down by erosion to near sea level. The Cuchillas 
summits imlieate a h>ng pausation iwriod between the old Yumjuo and the 
rcnowed modern elevation recorded iiithcYnmuri clilFs cut around them. 

(.'■) The tri|iaHitc group of modern clilfs and base levels below iiU'i 
aL'^iinst the Cuoliill.'i csi'arpmont are the product of a renewed and uhmI- 
ern upward movoinoiit, wliicb ulevated the old Cuchilla coastal plain to 
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a plateau, and subjected it to the erosion which has since dissected it 
into its present rugged outlines. The Yumuri cliffs were carved from 
it where it formed a sharp coastal scarp, and the Havana and Matanzas 
benches represent synchronous levels with the latter in the west end of 
the island, where the Cuchilla level was of less extent. That this mod- 
em group of elevations was intermittent, as shown by its alternate cliffs 
and terraces, is evident, the modem soboruco representing the latest 
uplift. 

The elevated benches and terraces which border the coast of Cuba, 
with the single exception of the soboruco, or modem coast reef, are not 
ancient coral reefs either topographically or lithologically, as has been 
asserted, but, on the other hand, are beach and erosion plains, produced 
by rapid elevation of the island in Post-Tertiary time, and carved from 
various formations, principally the older limestones, regardless of struc- 
tural arrangement and composition. Even though the old limestones 
may be remotely of coral origin, which I do not think, and which idea 
I have discussed on a previous page, these old terraces can in no wise be 
interpreted topographically as elevated reefs, for none of the original 
reef topography is preserved. On the other hand, 1 can give numerous 
instances where the same benches are carved out of the var}'ing compo- 
nent material, which was much folded or disturbed prior to their erosion, 
as is shown in most of the figures. 

The series of terraces around Cape Maysi and Yumuri are carved out 
of a massive matrix of old limestone of undulatory structure, as shown 
in the figures. The terraces or base levels at Matanzas are cut out of a 
series of beds widely divergent in lithologio composition, all dipping at 
angles of from ten to twenty-live degrees. The Moro and Principe Pla- 
teaus at Havana form a planation surface upon a floor of folded limestone, 
in which distinct anticlinal structure can be traced. The terrace upon 
which the Military Hospital at Baracoa is situated is carved across the 
almost vertically inclined edges of the older Miocene limestones. The 
summit of the Yunque, instead of being a coral reef, is a greatly degraded 
peneplain. The soboruco alone of all the levels is topographically an 
elevated reef, and this, as before stated, dees not rise anywhere over 
fifty feet. 

Lack of Evidence of Subsidence. 

I must confess my inability to distinguish any positive evidences of 
subsidence since the beginning of Tertiary time or accompanying these 
elevations, although it would be rational to think that the movements 
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r must have been oscillatory. It is easy to imagino evidenccB of aabsi- 
denoe, but to provo them is diffloult. Qeikie liae said : — 

■V difficult to tra«u h downward movement of thii laud, for the eri- 

f dence of eacbsueceaaive Btaiuarniu ia carriod down aud waabedaway orcoverr>i 

. , . Tlie student will Uike tare to guard Liuisclfajtainst being mislci! by 

e proofs of the advimce of the Bca on land. In a great majority of cases 

\ vhere euch an advance ia takiog place, it is due not to Bubsidence of tUe land, 

L but to erosion of tbe shores. . . . Tbe encroachment of tbe eea upon the land 

1^ tuaf involve the disappearance of eucce«sive fields, roads, bouaeo, and villages, 

ind even wIiol« parishes, without any actual change of level of tbe land." ' 

I failwl to find any tracea iu the upland areas of recent deposits which 
' would indicate any isubmei^nce whatever. The bolIs, especially ths 
" Tiorra Colurada," are everywhere residual, and nowhere did I observe 
itny that could be attributed to transported material or overplscenient 
of alluvial matter, and particular care waa taken to look for such evi- 
dence. De Castro reports extonBivo upland alluvial deposits in the 
region of Puerto Principe, but gives no evidence whereby wo may deter- 
mine whether they were produced by inland deposition or by submer- 
gence of the land to eea level. Neither do the rivers show any revind 
or other evidence of such subsidence, but all have continuous do«a- 
vard cutting secUonB. 

Whether there has been recent subsidence immediately precedinn the 
de]>osition of tlic elevated ci>ml reef of RnlH.riRo, whercljy tlic cireiil^ir 
s also :i point wliifli is ilitfi- 



hnrbon* were 
culttiMlcten 


prod 


iceil, as t'ro.sby allc^'i 
Iu support of his posi 


of the circuli 


r harlmrs and the ^rciit tl 


which he bcl 


pved to he ancient reef roe 


on a prcvioii 


pa^c 


tliiit there is no eviil 


the older mi 


1 eh- 


■;ilod limestones wer 


henfo it is nu 


t nee 


ssnry bore to discnss 


(■onccrniii 


Ibc 


circular hiirhors, ho« 


Crosbv has 


omi- 


■easi.n for his ar;:unu' 


l>e more str. 


Ti^dy 


nterpreted to indicat 


harbors, he 


snys : 





pu 



the stn 



MUSEUM OF COMPARATIVE ZOOLOGY. 279 

ample. It is an approximately circular, almost completely landlocked basin, 
communicating' with the sea through a narrow but deep passage between broken 
walls of the coral rock. The larger harbors departed from this ]>lan chiefly in 
their more irregular outlines, all agreeing in having deep, ntirruw mouths* 
Every harbor is at the mouth of one or more rivers, and their inlets, as I con- 
ceive, are the work, not of the sea, but of rivers at a time when the land w^as 
higher than now. While the main body of the harbor, in each case, is simply 
the broader and older portion of the river valley behind the barrier reef, which 
has been invaded by the rising sea, the circular form of many of the smaller 
harbors is largely due to the fact that the sand brought down by the rivers is 
thrown up by the sea into curved bare, cutting off the ineiiualities of the shore. 

" During the formation of the most recent of the elevated reefs, which, as 
already stated, forms a level about thirty feet above the sea, the mouths of the 
smaller streams were behind the reef, discharging into in-egular channels or 
basins between the reef and the shore. On account of the turbidity and fresh- 
ness of the water, the reef, especially on its inner border, grew less rapidly at 
these points than elsewhere, the basins behind the reef becoming filled with 
debris from the land. When the reef was finally raised to something above its 
present level, each river scoured out a large part of the sand and gravel which 
it had deposited, and cut a narrow channel through the reef itself. During 
this period of elevation. Culm, like most rising lands, had few harbors, but 
when subsidence began the sea occupied the channels and ba^tins which had 
been excavated and cleared out by the rivers, and thus a large number of har- 
bors came into existence. 

" Opposite the mouths of larger rivers, such as the Toar and the Molasses 
in the vicinity of Baracoa, the reef in question was interrupted, and these 
streams discharged into broad, open bays, while the lower portion of their 
valleys show equally with the harbors that the land is sinking. They are half- 
drowned valleys filled to a considerable depth with land detritus, conditions 
which could not exist if the land was rising or had risen." * 

The interpretation of the evidence of the harbors depends upon the 
correctness or incorrectness of Mr. Crosby's hypothesis that the narrow 
outlets through the reef rock represent a channel cut by the scouring of 
the rivers themselves. It may be that they are channels representing 
originally areas of non-coralline growth, such as are now known to exist 
in submerged reefs remote from areas with developed land streams and 
in atolls, and such as biological laws tell us should exist opposite the 
mouths of rivers, — such channels as now exist off shore around the coast 
of Cuba, where reefs are growing. Mr. Crosby admits that the reefs 
grew less rapidly at these points than elsewhere, on account of the 
turbidity of the waters. 

The channel of the Havana harbor and the canon of the Yumuri 

1 Op.cit. 



Itiver of Mntansna are certaiGly eroded in the manner Mr. Crosby ftttfign. 

not through ooral reefs, hitt through older rocks which have be^u t\t- 
vated across the tracks of tlio rivers, though most of the harbor iiecka 
in the eiMt eud of the island tiro certainly old Bubnmriue reef vallrrt, 
resulting merely from the fact that the coral haa ^own up aronnd thcni. 
The harbor of Havana ia a much lictter exnmiile of nuppom-d sntwidcnot 
thou is that of Barauua, but even here the ehiuinul cut out of the oM 
Tertiary nttllti of the harbor docs not ueueaaanly imply that the land was 
formerly higher than now, for the heavy surf may be seen cutting nuuiy 
similar indontntions into the limestone sea fWmt, whivli action, with the 
aid of that of the rivers, could have easily maile these iudcntations. 

Concerning the mouths of the rivers themselves, their nUuri&l dc- 
[fosits and the evidence of their valleys may be iiitcrprotol to tneon 
ulevatioii mure p>aitively tliaii Mr. Crosby interprets them to mean sub- 
sideiicc, nor oiui I understund why he calls them " half drowned." Tlioro 
is a singular alisence of fiord-like valleys or indentations, or of aneient 
estuarino deposits, around the coast of Cuba, such as ordinarily indicate 
snbsideiieo. (Plate I. Fi);. 6.) In faet, the rivera in nearly all ca«o, 
like tho Ynmuri of the east, run directly to sen level through almost 
vertical chnsms cut straight across the line of terraces, and are void of 
any terraces within their canons, showing unmistakably that they have 
been ont down to sea level since the terraces and their own deltas were 
cluvuled, mill that there is no siiperiiiipdHilion indicative i>f sulisideuce 
prcviniis to the reef-making cjiouh. 

That some of these rivers do at present reach tide level a short dis- 
tance from the beach is true, hut so short is this distance that vessi'le 
can ulwaj-s olitiin fresh water from them by sending light boats up 
stream less tlian n mile. I think tiiat tliis slifrlit inrleutation of tiik- 
level up tiicse rivers is indicative, not of " dnnvning," or of an ancient 
siilwiduiii'c, lint, that, on the Contrary, it means merely that the rivcre 
and surf are doing their normal work of degr.iding the land. If they 
wore really lirmvneii rivers (hey would be iiaviy;alde stnne distance inland, 
hut in the tiiree largest streams, the Arnieiidaris of Havana ami the two 
Yumnria of MatauKaa and Baracia, I found it imj>ossiliIe to go inland 
over a mile in the slmllowest row lH>nt, hcirig soon retanleil by rapids. 
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that time. At any rate, if there had been any long epochs of subsi- 
dence, they would be recorded in great 6ord-like valleys or low passages 
across the central axis of the island, such as do not exist, and to which 
the oval harbors may not be compared, for the origin of these is due 
entirely to the pre-existing fringe reefs. 

It might be alleged that all the ancient topography showing subsi- 
dence is still beneath the ocean level, and that the angular edges of 
Cuba are indicative of the fact that the present outline merely represents 
an ancient summit which is re-emerging. The submarine topography, 
however, is not within the province of this paper, but I agree with Pro- 
fessor Agassiz that its irregularities were indicated long before the period 
of history herein recorded. The three alternations of gravel and reef in 
the Matanzas section may also have indicated slight alternations of sub- 
sidence and elevation. 

Without committing myself to an emphatic negation as yet, I must 
confess that no evidences of great subsidence are apparent at present, 
and although I hold my conclusions upon this subject in abeyance to 
future observations, I seriously doubt its existence. 

It is now possible, with the aid of the stratigraphic and paleontologic 
data previously given, to make a few conclusions concerning the Ceno- 
soic history of Cuba. It has been shown by the stmtigraphy that the 
topographic levels are not old reef levels, but that, with the excep- 
tion of the modem reef, they have all been carved out of the old 
Tertiary limestones, which had previously been folded and disturbed by 
movements that could not have been generally uniform, but which were 
orogenic, and hence the present bench topography of Cuba is subsequent 
to this period of Post-Tertiary wrinkling, and represents a different kind 
of movement, which was regional or epeirogenic. Since the old folding 
or orogenic movement occupied at least a small portion of Post-Tertiary 
time, we may reasonably conclude that the two great periods of uniform 
uplifting recorded in the old levels must have taken place at least since 
the beginning of the Pleistocene. In other words, they are compara- 
tively modem in geologic time, — some of them absolutely recent. 

It is not maintained in this paper that these epochs of regional 
elevation were continuous and uninterrupted, or unaccompanied by 
pauses or even alternating epochs of subsidence, but that their general 
progress has been periodically upward, and that, if there were epochs of 
subsidence they are difficult to distinguish, and were of short duration, 
and insignificant in comparison with the great uplifting movement that 
has generally taken place. 




Tba knowD geologic history of Cuba may bo atftted as follon-a : — 

1. lu ProTortJEiry times an uM land eiistod, almost as exteiuin in 
a the preMut Ulaad. Wbether this old laitd wua insular, mnlti- 

iuBultir, or connected with other Antilloau oroas or the maJnlniid, I will 
not BjHiculLita. The submarine topogrtipliy iiidicntcs that it was not. 
]t!( rampusitioQ and struuture, however, ahnw thrtt it woa uti Area nf 
active vulcautam accooipaaied by great ni(!tftniorplitam nn<J cniplive 
flows. If there are pniBcrvwl in it tiny traues of Pre-Tcrtiary sedi- 
iiiuntittioa tboy aro largely overwiiohnod aiid klmoitt ohlitcratod by the 
vnlcanitim, taetaraorphiam, and liilei- eronion. PulenToio, Triamic, JitiBssic. 
and Cretaceous eedinients have been reported by I'e Castry ' iii localitiet, 
but their phyaioal history iti iinkixiwn. 

2. It is also certain tbiit dnring Tertiary timea, embracing the Encme 
and Neooeue periods, this ancient niioleal loud, with all of its geogrftpliio 
(intlinert, ooinpletely subsided beueuth sea level, and that it waa ccivered 
with limestone sedimeuta, which wore organically derived from the mm, 
not the island itself, for thero is no semblance of liniostune tnntorral in 
the rooks of the Pre-Tertiary land which could have furuiahefl malensl 
for the Tertiary rooks. That this snbsidence wb« profonnrl we mar 
i-c!isimiil.ly coudnde fmm tlio thickness of tlio ohK-r nnclciil rrL'ioii. n..n- 
visibly covefd i.y the liiiioHl.>ne l.o.ls, whicli h:n-e bei?u huri/..nt;illv tlc- 
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that no coastal accumulations are preserved around its perimeter. This 
elevation likewise developed the present outline of the island almost in 
its entirety, and perhaps in greater area, which has since been destroyed 
by erosion. 

5. Following this older and greater Post-Tertiary elevation, and inter- 
vening between it and the time of the Cuchilla, or five-hundred-foot 
level, there was a long period of erosion, cutting down the country to tbe 
Cuchilla plain, which was at that time marine base level. 

6. Renewed and general elevation of the island commenced in recent 
time, after the period of rest recorded in the Cuchilla level. The later 
terraces, sea clififs, base levels, and modem coral reefs and savanna 
deposits of the south coast were then elevated. It is also evident that 
in this later period elevation was intermittent, accompanied by slight 
pauses. It is difficult to exactly fix the time of this latest elevation. 
It was certainly very recent, and a considerable period later than the 
old Yunque elevation. It cannot be older than late Pliocene, and it 
may or may not be in progress at present. 

It is not the province of this paper to discuss the history and origin 
of the Antillean sub-continent to which Cuba belongs, but I cannot 
refrain from presenting a few thoughts which may be of service to those 
who may consider this subject. 

The old metamorphic floor represents, beyond reasonable doubt, a land 
that existed probably in Cretaceous time, and much of its metamorphism 
and igneous extrusion took place in that period. Similar phenomena 
have been recorded iu Santo Domingo and Jamaica. In fact, it is not 
proved that any rocks older than Mcsozoic existed upon any of these 
islands. Similar disturbances and excessive vulcanism and metamor- 
phism are known to have been extensive on the Cordilleran region of 
the North American continent, including all of Mexico and the Cordil- 
leran region of the United States, which have been described by the 
writer and others, and lately most aptly termed by Lawson the Meso- 
soic revolution.^ 

As I have shown in a previous paper,' the marine waters extended 
across the isthmian region of the American continent, at least during 
the earlier half of Cretaceous time (the Comanche epoch). Whether 
this was by union of the two oceans, or by an eastward indentation of 
the Pacific, or vtc« versa, I am not prepared to say. It is certain, how- 

1 See the Journal of Geology, Vol. I. No. 6, September-October, 1893. 
^ The Cretaceous Formations of Mexico and their Relations to North American 
Geographic Development, American Journal of Science, April, 1893. 



ever, that duriug tho Cretaceous, at the clitse of the Comnnclie opod^ 
grcfit orogeiiio forces were active, and that the strike of tlioir con<i)pi' 
tions constantly beut eastward imcil in the latitude of Soutb^ro Maxiot 
tbo; were in the direction of this oM Antilkuu axis, and thnt the lattut 
may have been part of the protuberanues markiug this iJDo of grrit 
orogenic movomeiit, which in general was peripheral or cocceutiio to 
the old Ap])a]aciiiau land. 

How great an area wa« involved in the upper Cretaceous will Tertl 
subsidences it is difficult to say. No attempt has been niudo to tncf 
the former event in the Autillea. The liLtter certainly Included al) itw 
great Aiitillee, — a region fifteen hundred milcB in length froni 9ast to 
west, — and the Atlantic and Uiilf margiue of the Kortb and South 
American continents, and probably all the isthmian region, which vw 
posaibly land in Upper Cretaceous time, agutu connecting the Golf of 
Mexico. 

One of the misty epochs iu Cuban history is that of the folding and 
disturbance at the close of the Tertiary, and I can only suggest that It 
belongs with the orogeuic phenomena wliiclt enveloped or orertapped 
the periphery of the older Mesozoic Cordilleran region, in Central Amtr 
ica, aitd in northern South America. This involved the Tertiary furiui- 
tions of the other Antilles, but there lu no trace of it along the Dortbtni 
periphery of the Culf of Mexico 
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the surround iiig ocean floor, is a question which 1 shall not attempt U- 
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Answer. We have recorded evidence that similar terrace phenomena 
occur in Nicaragua, Yucatan, Jamaica, and San Domingo, and the coaste 
of South America have participated in these regional uplifts of Pleisto- 
cene and recent time, to which the slight elevation of the Gulf coast of 
the United States is insignificant. 

In these studies I have found no evidence that Cuba, since its earliest 
history (the Mesozoic) has had land connection with the United States. 
Unless there was some profound subsidence in Post-Tertiary time, such 
as I have been unable to detect, no possible deduction can make such a 
connection. In fact, I know of no positive evidence that it has been 
connected with our continent at all, and have only hypothetical evidence 
that the Pre-Tertiary land may have once extended toward the Yucatan 
peninsula, and that it was only then, if ever, that the Antillean and 
Cordilleran islands were united. Neither can we avoid conceiving that 
the subsetjuent elevations have brought the isthmian region up with it, 
making the present land connection between the continents. 

The axial direction of the general Antillean Post-Tertiary elevation is 
approximately east and west, and hence it is presumable that the sub- 
marine ridges were more likely to have been extended in that direction, 
and that to the north and south of this axis, which must theoretically 
be the remnant of a great east and west swell or fold, there must have 
existed corresponding sloping sides and synclinal troughs. It is but 
natural, then, that evidence of the continuation of the Cuban dias- 
trophism must be looked for in east and west lines rather than in lines 
north and south. 

We can also reasonably conclude that the erogenic development of 
Cuba, begun in some unknown period of antiquity, was practically com- 
pleted at the commencement of the Pleistocene, — that is, the develop- 
ment accompanied by displacement, folding, and vulcanism, — and that 
the stage of elevation then began, bringing up the old Pre-Pleistocene 
architecture and carving the mass into its terraces and present outline& 
The group of regional elevations which I have described, although 
marking a wide interval of time, all occurred in a comparatively recent 
geologic period. To fix this time exactly would be impossible with the 
scant data at hand, but we can make some approximations. 

The oldest of the elevations, now represented by the Yunqne level, 
certainly followed the period of folding which the Tertiary limestones 
underwent after their deposition. This folding, we may safely say, was 
Post-Tertiary, and took place in late Pliocene or early Pleistocene time, 
approximately, and marks the beginning of the re-emergence of modem 



Cuba, and tbc teimceB are all of later age. Before this period, whicli fur 
convenience we will call early Pleistocene (properly lato TertiarjJ it 
must be iicknowledged that the area of Cuba, crests aud coasts, ws« at 
leitat two thouaand feet lower in altitude than at present. We cannot 
imagine that such a depression was locally limited to the island of Cat« 
or the Great Antilles, or that it would have abruptly terminated along 
the east and west axial line, and hence it in not difficult to infer, espe- 
trially in the light of existing geologic evidence, that it involved the 
isthmian portion of the continent Bontli of the great escarpment of Ibe 
Mexican plateau, and that oceanic connection then existed between (be 
Atlantic and the PaciSc, as has been already indicated by the pateoo- 
tology and by the living forms.' 

' See A. Agaulz. The Qrigin ol tlie We»t Indin F»uiui. Mem. Mub. Comp, ZSol, 
Vol. X. No. 1, p. 79. IggS; aUo, Three Craitea of the "BUkc," Bull. Miu. Camp. 
ZtkJl,, Vol. SiV.. 1888. 
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EXPLANATION OF THE PLATES. 



PLATE L 

Fig. 1. Geologic Section across tlie Island of Cuba from Hayana to Batabano. 
Scale, 6 inches to 1 mile. (I) Pre-Tertiary Formations. (2) Tertiary 
Limestones. (3) Soboruco Reef. (4) Mud Deposit of Batabanos. 

Fig. 2. Detail of Moro Plateau, North End of above Section. Figures have same 
reference. 

Fig. 8. Dike near Water- Works, South Edge of Havana. (I) Dike Material. 
(2) The same, more weathered. (3) Supposed Cretaceous Clays. 
(4) Surface showing Tertiary Limestone on right. 

Fig. 4. Greological Section of the Caiion of the Rio Tumuri of Matanzas. (1) Mas- 
sive Coralline Cantera, Reef Rock, 86 feet (2) More Arenaceous Lime- 
stone, with MoUuscan Remains, 15 feet. (3) Stratified Calcareous Clay, 
with MoUuscan Remains, 10 feet. (4) Same, with great number of small 
Pebbles. (^) A very white Lime Material, with Bands of Clay. (6) At 
Base. (7) Calcareous Matrix, with Pebble, lOi feet. (8, 9, 10, 11) Mio- 
cene Limestone with MoUuscan Remains, becoming arenaceous at 
Base (12). 

Fig. 5. Section at Baracoa. (a) Sea Level; (b) Elevated Reef Level; (c) MUitary 
Hospital Level; {d) CuchiUa High Lands (1827), Tunque Level; («) Ra- 
diolarian Hill. (1) Soboruco. (2) Miocene (?) Limestone. (3) Tellow 
Clays with Miocene MoUusca. (4) Hill of Radiolarian Earth. 

Fig. 6. The CaRon and Terraces of the River Yumuri of the East Vertical height, 
600 feet. 

Fig. 7. Section near Aguacate, showing Decay of Limestone into Red Residual 
SoU. 

Fig. 8. Ideal Illustration of the Epochs of Elevation in Cuba. (1) Soboruco or 
Elevated Reef. (2) CUfTs of the Coast (8) The CuchUla Level. 
(4) The Yunque Level. (5) The Sierra Maestra. 

PLATE II. 
The Evolution of the Circular Harbors of the North Coast of Cuba. 

Figs. 1, 2. Mouths of simple Rivers, with Fringing Reefs growing off their Points. 
(1) The Yumuri of the East (2) The Limones. 

Figs. 6, 6, 8. The Development of the Circular Bay, by Erosion of the softer Ma- 
terial back of the harder Points of elevated Reef Rock. (6 and 8, Mata 
Bay ; 6, Baracoa.) 



^M 288 


UULLETIN OF THE MUSEUM OF COMPARATIVE 


1 ZOOLOG 


^^m Kg. T. Example of tn-pgulxr Ouilinc resulting from ttill morB ad*uia 

^H ( tUrbor of F.i>ju<ir]i<lo.| 

^H can>b[iia[ioii •iib the Fringing Bed. (3, Unrbor of Jang 
^H Fig. a. MaUniuB Harbor, Elioi>ingriiinuriVille7,C>rion.uidadjac«n 


^H Note.' 


— The artist has tranepoaed the eut anil west tideg in Figa. 3. 4, 
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LimeitoDe Mountaitu south of Matanxa*. 
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■ Typical Pl^n, Central Cuba. 
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PLATE VIII, 
Yuniuri Vnlley and High Levels. 
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